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MATURATION OF THE EGGS OF DIEMYCTILUS 

TOROSUS. 

DR. HECTOR LEBRUN, Brussels, Belgium. 

During my stay in California, where the Belgian government 
sent me to verify the results of Dr. Eisen's investigations on the 
testicles of the Batracoceps, and to study the eggs of these and 
other Batrachians, the occasion also offered itself to study the 
maturation process in Dieinyctilus torosus, 

I knew, by the work of Professor Ritter, of the University of 
California, that the copulation of this species takes place during 
the months of March and April, and therefore immediately de- 
voted my investigations to this subject. My material came 
from Tocoloma^ Marin County, California, where Professor Van 
der Naillen called my attention to a large quantity of speci- 
mens. In my previous publications, I have shown it to be ab- 
solutely necessary to have the largest possible number of speci- 
mens on hand to have good material in the different stages of the 
maturation of the eggs, because these phenomena last only a 
few days, and during this period, it is necessary to kill a large 
quantity of females. All of these conditions are perfectly realized 
in Tocoloma. 

By the kindness of the San Francisco Microscopical Society, 
which generously opened to me its rooms and instruments, I be- 
gan to study the material collected, and demonstrated my prepa- 
rations at a meeting of the Society on the 1 5th of May. 

As the present note is preliminary and a summary of the re- 
searches made in California, my investigations will be continued 

in Europe and published in the review (La Cellule). 

I 



2 LEBRLN. 

The ovary of Dumyctilus contains from five to six species of 
eggs in different stages of development. I will not attempt to 
detail the history of these eggs from ovogony to the maturation 
stage, but will only state that, as a result of my investigations, I 
have found absolute confirmation of my researches on European 
urodcls and on Siredon. 

I will here limit my references to the process of the maturation 
of the egg. 

When the egg is ripe, the nucleus is situated at the animal pole, 
voluminous, and contains four to five hundred chromatic nucleoles, 
in various stages of dissolution, and resolving into granula. The 
first appearance of maturation is the vacuolization of the karyo- 
plasma and the dissolution of all the granular chromatin, except 
a little quantity of nucleoles. These have in this stage a pro- 
pensity to fuse together. Shortly, the membrane of the nucleus 
disappears, and during this stage, the chromatic element is repre- 
sented in the egg by spherical nucleoles and by masses made by 
fusion of other nucleoles. 

All these phenomena are finished in the ovaries. When 
the egg is found in the peritoneum the spindle of the first 
polar body is finished and the chromosomes fixed on the spindle. 
These are formed in a small region of karyoplasma which is not 
invaded by the cytoplasmic inclusions after the disappearance of 
the nuclear membrane. There are no centrosomes, but beauti- 
ful asters. The filaments of these orders are crossed on the 
equatorial plane of the figure as is known, by Batrachoaps 
(Eisen), by jx)llen-mutter cells (Osterhout and his pupils) and 
tritons (Lebrun). The first figure and the cx|)elling of the first 
polar body is finished in the superior part of the oviduct. The 
second figure runs out during the egg's passage through the 
oviduct to the cloaca. The chromosomes are twelve as in the 
other urodels. They are quadripartite as in the first polar fig- 
ure and have the form of a cross, resembling those found in 
European tritons and called •* oisclcts." I will not, by this, say 
that I give to these forms the same signification as do V^on Rath, 
Haecker, and others. On the contrar>', I conclude that in the 
two figures the chromosomes divide longitudinally in the equa- 
torial plane. 

Sa.s Krancikx). Cai... May i$, 1901. 



NEW SPFXIES OF CERATOPOGON.^ 

WILLIAM HENRY LONG, Jr. 

The family Chironomidae has been much neglected by dipterol- 
ogists, notwithstanding the number and diversity of its species. 
Even the larval forms which are especially interesting have not, 
as yet, received as much study as they deserve. The writer's 
attention was first directed to this family by finding the larvae of 
a species of Ceratopogon in large numbers in the vicinity of 
Austin, Texas, during the winter months. Certain peculiarities 
of its development induced him to extend his study to other species 
of Ceratopogon in the same vicinity. This study brought to light 
several interesting facts, some of which may prove of value in 
separating the species of this large and complex genus. Two of 
the species included in this article seem to be myrmecophilous, 
the first, it seems, to be recorded from America. 

Ceratopogon brumalis, sp. nov. 

$ , length 3 mm., wing 2 x .5 mm. ; 9, length 2.$ mm., wing 2 x .75 
mm. Two subcostal cells ; third or cubital vein terminating distinctly 
before the middle of the wing with a white spot at apex of costal vein ; 
wings and entire insect densely pilose ; halteres white ; metatarsi equaling 
or slightly shorter than the following joint : tibia of female with black 
lanceolate scales ; last four joints of the male's antennae longer than the 
basal ten joints ; eleventh about 1.5 times as long as any succeeding joint. 
Antennae not longer than mesonotum. 

9 , head piceous ; pile oh tips of antennae and palpi whitish ; joints 
2-9 of antennae ovate subequal, joint i much larger and more globose ; 
joints 10 to 14 inclusive ovate-oblong ; apical joint prolonged into a 
blunt point. Each of the joints 2-9 inclusive has two large sense 
organs, which are curved, transparent and on upper surface of joint 
about 90° apart ; other and much smaller sense organs occur near the 
apex, three or more to each joint ; while joints 13 and 14 are fairly 
covered with minute organs of similar nature. Each joint, except the first, 
is pubescent and bears a circlet of bristles. Mesonotum dark brown, 
pruinose, pile brassy ; sides of prothorax with a bunch of yellow bristles ; 
pleurae naked ; mesopleurae white; abdomen black, shining, pile light yellow, 
reddish in certain lights ; venter brown ; external genitalia subglobose, 

1 Contributions from the Zoological Laboratory of the University of Texas, No. 17. 



yellowish white ; legs yellowish brown, strongly infuscated ; knees yellow ; 
tibiK spurred, outer edge wiih a row of black lanceolate scales ; bases of 
tani light yellow ; first two joints subequal, the others shorter ; each joint 
with a graduated row of short bristles on the plantar surface ; empodium 
strap-shaped, bristly -fringed, nearly as long as claws, claws subequal. 
Neuration of wings ' as follows : Costal vein strong, terminating distinctly 
before the middle of the wing, pilose except for el small naked spot near the 
base : third or cubital vein strong, terminating at apex of costal vein, with 




a strong auxiliary vein extending from upper end of recurr 
lure of costal and cubital veins : nearly midway between I 
recurrent vein and apex of izubilal, the latter vein curves \ 
till it touches the auxiliary vein, making twii loop-like ?.ul) 
second of which <> much the larger ; sul>coslal vein a mere p 
recurrent vein strong, making a very obtuse angle with ba\e 
latter Mnmg for the tirM third cif n\ length, then distin. t 
I., margin of «ing. I li^c.il vein <il)M.k-s. cm lx.f.>te its ji: 
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median vein so that no prefurca is visible ; axillary vein distinct from its 
base to apex terminating in the posterior margin of the wing ; posterior vein 
short but distinct ; anal veins more or less indistinct, especially near base ; 
Anterior costal cell long and narrow with apex acute ; subcostal cells loop- 
like, first very small, often wanting, represented by the line of fusion of the 
auxiliary and cubital veins ; anterior cubital cell narrow, but enlarged at 
apex ; second cubital cell with two obsolescent veins whicb join near base 
of cell, making a V shaped figure ; between the upper anterior one of these 
veins and the margin of the wing, the cubital cell is densely pilose, except 
the small white spot at the juncture of the costal and cubital veins produced 





joints of female antenna 



Fig. 1. Ctralo^gen trumalii. a, male 
showing sense oi^ani. 

by the absence of pile and by the hairs on the contiguous veins being 
whitish at that point. Two discal cells, subequal with an obsolescent v«n 
in the posterior part of the second parallel with the auxiliary vein. 

Coloration of male nearly the same as that of the female ^differs from 
female as follows : Pile on entire insect longer, denser and of a more reddish 
hue ; thetibiEe without the lanceolate scales, metatarsi slightly but distinctly 
shorter than following joint ; abdomen slender, very pilose, black, slightly 
longer than wings. The most prominent divergence from female is in the 
shape and size of the joints of the antenna ; first joint is much larger than 
the corresponding joint of the female ; the second somewhat lai^r but of 
the same shape, each Joint from the third to the tenth spheroidal, becoming 



more and more distorted and oblique to ihe tenlh, which is or an irrcgi lar 
oblong shape. Joint 1 1 is much donated with the plumosity inserted on 
an oblique line near base ; joints 13-14 much shorter than 1 1, but longer 
than any of the basal ten Joints. Joints 2. t? and 13 with a circlet of 
bristles in place of plumositj- ; joint 1 naked, 14 without bristles or plum- 
osity but pilose, as are joints 11, 11. and 1 3 in addition to the plumosity 
and bristles ; joints 3-1 1 inclusive plumose with a narrow white circlet In 
front of the insertion of plumosity. Anlennary sense organs smaller and 
slraighter than those of the female. Neuration of the male wing practically 
as In female except that the first subcostal ceil is wanting ; its place being 
occupied by the fusion line of the auxiliary and cubital veins : anal veins 
stronger and more distinct than in fcm.ilc. 




Fi(!. 3. C. i/vrji/nrij. a, l«t*a ; i, pu|« 1 '-. pail iif piDibotiric brittlei : •/, din- 
sal briMle on mnunini; •cgmcDli ; r, fulcile tubercle wiib iti twu briMlet : f, imill 
laleni btiitle. 

Larva : 4-; mm. long, cylindrical, color dirty white, broMnish at the 
insertion of bristles ; head brown, eye s|><it and mouth parts black. Thoraric 
legs, .3 mm. long, cylindrical, white, armed at tips with a circlet of 
black claws ; anal feet with two transverse rows of bUck claws. Cha to- 
laKy for lateral half of head and IxkIv as follows ; Head with two 
ovate-la nceutale h>aline bristles, one in front of. the other behind the 
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typical head-spine or horn, in addition to several scattered simple bristles. 
Body minutely pubescent ; ovate lanceolate bristles in one dorsal longi- 
tudinal row ; thoracic pair not enlarged ; dorsal bristles smooth, hyaline, 
bulbous at base. The insertion of the pair on each segment often con- 
nected by a transverse black line ; 3 longitudinal lateral rows of barbellate 
bristles inserted below the ovate-lanceolate ones ; bristles black, shining, 
with short and smooth bristles near the ventral surface, the last two segmen:s 
having only the upper row of these barbellate bristles. 

Pupa : 3 mm. long, spinous, light yellow ; head darker, obtuse, notched 
below ; thorax with three spines on either side, spines barbellate, anterior 
one mucronate ; stigma spatulate ; abdominal spines short, rough, 
mucronate, in five longitudinal rows on either side ; those of rows i and 4 
larger and longer than the others ; there is also a ventral row of very short 
thick spines. Pupa attached to under surface of dung by the old larval 
skin. 

During November, December and January the larvae of this 
species were found in immense numbers on the under side of 
nearly dry cow dung. They seem to feed on the dung, never pene- 
trating very far into the substance. No eggs were found. The 
duration of the larval stage seems to be several weeks, that o 
the pupal stage 7-10 days. 

The sense organs on the antennae of the imagines can be seen 
only with a high power (500 dia.) and then it is necessary to 
focus carefully to find them, but once found, they stand out 
plainly. None of the wings of the males had two subcostal cells 
and many wings of the females had only one ; but in some wings 
the two cells show plainly. Several hundred larvae of all ages 
were found on the under surface of a piece of moist rotting elm 
wood ; similar larvae and puparia were also found in the nests of 
the common foraging ant {Eciton cceawi) on several different 
occasions ; the author bred imagines from the larvae taken in 
these various habitats, and they proved to be the same species. 
This seems to be a strictly winter species, none of the various 
stages being found during the warmer months. 

Ceratopogon specularis Coquillett. 

S , length 2.$ mm., wing 1.5 x. 45 mm.; ?, length 2 mm., wing i.$ x.6 
mm. One subcostal cell, third or cubital vein terminating distinctly 
before the middle of the wing ; with a faint white spot at apex of costa 
vein ; wings and entire insect densely pilose ; pile black ; halteres white ; 
metatarsi equalling or slightly longer than following joint ; antennae not 



longer than mesonotum ; tibid; of the female wiibout lanceolate scales ; 
latt four joints of male antennse longer thxn basal ten. 

9, head black, both extremities of each segment of the pal|n whitish, 
especially the anterior extremities ; central and major portion of each seg- 
ment black : proboscis with three narrow transverse whitish bands near 
apex. Pile on antennae black, whitish at tips , antennx reaching to about 
the middle of the mesonoium ; joints globose, subequal. the last four being 
larger and mote oblong, especially the apical one, which is prolonged into 
a short blunt point ; basal joint much larger and more globose than the 
others : sense organs, insertion and position of the pile and bristles on the 
antennse as in C. brumahs : mesonoium black, shining, pile black : sides 
of protborax with a bunch of black bristles ; pleurae naked ; mesopleurae 
whitish : abdomen bUck, shining ; pile on posterior anal segments dirty 
white, longer than on other parts, central portion of each segment of venter 
black : legs black ; tarsi distinctly yellow, infuscaied at tips, each joint 
with a graduated row of bristles on the inner plantar surface : empodium 




ilfnammalii. o, lam : t, titiMlc. 

strap-shaped, curved, bristly -fringed on convex side ; neuralion of wings 
differing from that of C. brumalii in the following points : subcusul cell 
•ingle : only one anal vein : no obsolescent veins in cubital or discal cells \ 
anterior costal cell very narrow ; juncture of the veins at base of wings 
more distinct. 

S Coloration practically as in female, pile on entire insect longer, den- 
ser and more erect than on female ; the basal joint of antennx as usual 
much enlarged, globose ; joints 3-10 inclusive subglobose, graduating in 
stie toward apex and becoming somewhat oblique ; joints 1 1 and 1 2 much 
elongated, subequal. tapering somewhat toward apex ; joint 1 3 ovate-ob- 
long, smaller and shorter than the apical one. I'lumosiiy, pilosiiy and 
sense organs of antennx as in C. /•ruma/is .- also neuration of wings as in 

Larva : ;-6 mm. long, bristly, and minutely black spinulose : cylin- 
drical, tapering slightly from the metaihoracic segment toward ba^e, 
upering rapidly toward the head ; dirty white. Head dark brown, eye 
spot and mouth yam black ; tips of thoracic feet armed with a circlet 
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of black claws ; anal feet fleshy, armed with two rows of black 
claws. Cheetotaxy of lateral half of head and body as follows ; head 
ornamented behind with one honey yellow, semitransparent, barbellate 
bristle, in front of which is a large short simple spine, with white bulbous 
base, in addition to a few simple bristles. Body with three longitudinal 
rows of barbellate bristles, dorsal bristles honey yellow, enlarged in center ; 
thoracic pair much enlarged and sborler than the others ; the dorso-lateral 
bristles rise from double tubercles, which are simple on the last two seg- 
ments ; anterior limbs of these tubercles tipped with long honey yellow 
bristles ; those of the posterior limbs short and black ; lateral row of small, 
simple tubercles tipped with dark brown bristles ; then subventrally are 
several scattered simple bristles. 




Fig, 5. C. whttlrri. a, pups; i, dorMl bristle; (, enlarged protlto 
bristle ; d, Turcale tubercle wilb its two bristles ; t, Uleral bristle. 

C. Itxanui. k, dorsal clBTste bristle 1 i, Istenil furcate tubercle with iu bristles ; 
n, small lateral bristle ; m, characteristic spine of pupa; r, thoracic stigma of pupa. 

Pupa: 2.5-3 mm. long, pale yellow, head darker. Thorax with four 
large barbellate spines on each side and several small ones with mucronate 
tips ; anterior abdominal segments which are not incased in larval skin, 
with five longitudinal rows of barbellate spines : the spines of rows 2 and 
4 longer and larger than the others. Ventrally is a row of very short 
spines with mucronate tips. Anal segment forked with two finger-like 
bodies at base of furcation. These tips were divergent in life and prob- 
ably serve to retain the larval skin on the anal segments as the spines are 
obsolete under this skin. These appendages were observed in all the 
species o( which puparia were seen. Duration of pupal stage S-io days. 



1 LONG. 

The larvae are gregarious and live on the under side of dry cow 
dung from August to December, but are more abundant during 
November and December, though not so common as C, brumalis. 
The larvae of both species are sometimes found under the same 
piece of dung but usually each species is found alone. This 
species is described here at length as Mr. Coquilett has given 
only a brief description of the male.' 

Ceratopogox stenammatis, sp. nov. 

Larva : 5 mm. long, anal segments with two cylindrical feet, tips armed 
with black claws ; feet .15 mm. long ; thoracic legs .45 mm. long ; color 
dirty white ; head and mouth parts dark brown. Head with two smooth, 
short, slightly enlarged bristles, one anterior and the other posterior, to the 
typical head spine, besides a few scattered simple bristles. Either side of 
body with two longitudinal rows of elongated setigerous tubercles, the 
dorsal row with only one hyaline acerose bristle to each tubercle, the 
lateral row with two bristles to each tubercle, one from apex similar to 
dorsal bristle, the other simple and of a brownish color and from the pos- 
terior side of the tubercle : there are besides several scattered simple bristles 
along the ventral and subventral surface. 

The specimens were received from Dr. W. M. Wheeler, who 
found them in the nest of an ant (Strnanipna fulvum subsp. 
aquid) at Colebrook, Conn.. August, 1900. They were moving 
about in the refuse heaped up by the ants in certain portions of 
their nests. The species seems to be a genuine myrmecophile 
like the European species {C. Braueri Wasmann).* 

Ceratopogon texanus, sp. nov. 

^, length 2.5 mm. ; wing. 1.3X.4 mm. ; 9 length 2 mm., wing 1.3$ x 
.5 mm. ; wings and entire insect densely pilose ; one subcostal cell, third 
or cubital vein terminating distinctly before the middle of the wing ; no 
white spot at apex of costal vein ; halteres white ; metatarsi slightly longer 
than succeeding joint ; tibia of the female without lanceolate scales. 

9 . head dark brown, pile brown ; joint i of antennae large globose ; joints 
2-10 globose, graduating to globose-ovate, subequal : joints 11-14 ovate- 
oblong, apical one larger. Sense organs and arrangement of pile as in 
C brumaiif. Second joint of palpus in female much enlarged. (See 
Fig. 6.) Mesonotum drab, with short, appressed. light yellow pile, inter- 
mixed with some stouter black hairs ; scutellum drab, with several rows of 
long black hairs ; sides of prothorax with a bunch of hairs ; pleurat! naked. 

» Vide, ••Some New Diptera," Pro<etJings cf the Xittional Mmeum^ Vol. 
XXIII.. 1901. p. 601. 

■Vide, •• Einc myrmecophile Cemtopogen- 1 .anre," Wtener Eniomohgiti he 
Zritumg, XII. Jahrg., 8. Ileft (10 October, 1893) pp. 277-279. 
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dirty white, abdominal segments dark brown with dirty white edges producing 
a banded appearance, which becomes obsolete on the last segments ; pile 
short, appressed, grayish, becoming longer toward anal segments ; venter 
dirty white, densely pilose on sides, each segment with long dark pile in 
front, becoming light yellow behind ; legs dark, pile yellowish and of vary- 
ing lengths ; tibia of hind legs with a circlet of short spines at apex ; first 
joint of tarsus slightly shorter than second ; empodium and neuration of 
wings as in C. specularis. 

Coloration of male darker throughout than in female ; antennal joints 
1 1-14 inclusive equalling in length the remaining joints ; first joint globose, 
enlarged ; joints 2-10 depressed globose, graduating in size toward apex 
and becoming somewhat oblique ; joint 11 much elongated, nearly twice 
the length of any succeeding joint ; joints 12-14 subequal, apical one 
slightly larger and more oval-oblong. Pile, plumosity, sense organs, and 
neuration of wings as in C. specularis. Last four segments of abdomen 
without the whitish edges, blackish, shining, pile denser and longer, with- 
out the peculiar pile on venter. 






Fig. 6. A^ characteristic dorsal bristles of each of the five species above described ; 
r, anal segment of the pupa of C. specularis ; s, palpus of female of C. brumalis ; /, 
palpus of female of C. texanus. 

Larva: Length 5 to 5.5 mm. ; dirty white ; head with two semihya inc 
bristles ; one in front and the other behind the typical head spine ; chxto- 
taxy for lateral half of body as follows : three longitudinal rows of barbel- 
late bristles ; dorsal bristles hyaline, clavate, minutely tuberculate with 
segments 5-10 joined at base by a straight black line ; dorso-lateral row of 
double tubercles, the anterior limbs of which are tipped with curved, semi- 
hyaline, broad bristles ; those on posterior limbs short and black ; lateral 
row of bristles sparsely barbellate, black at base graduating to hyaline at 
apex ; under the above there are several smaller and subventrally placed 
simple bristles on each segment ; anal segment with an extra pair of 
dorsal bristles behind the regular ones. Legs as in C. hrumalis. 

Pupa : 2.5 mm. long, whitish translucent, thorax armed on either side 
with five yellowish hyaline barbellate spines, the frontal one small with 
mucronate tip just above and near the base of the antenna. The others 
on the thoracic dorsum at the corners of a rhomboid ; the anterior spine 
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rruncaie with mucronate tip. Sii^ma black, peduncle semihyaline, the 
four abdominal segments anterior to the larval skin with three longitudinal 
rows of spines ; those of the dorsal and lateral rows large, hyaline, curved 
and barbellate, and rising from very prominent tubercles ; subvental row of 
somewhat smaller spines ; the tubercles point forward while the spines 
curve outward and backward. Duration of pupal stage : 7 to 8 days. 

The larvfe of this species are gregarious in small numbers 
beneath the bark of old dead trees Jn moist places, or on the 
under side of very damp rotting wood, during December and 
January. Rare. 

CCRATOPOGON WHERI.ERI. sp. nOV. 

Larva : 5-6 mm. in length ; chxtotaxy for lateral half of head at)d 
body as follows : head with two brown barbellate bristles, one in front, the 
other behind the typical head spine; besides several scattered simple 




Flii. 7. a, 9 of ^Jt/iefHit /irHgii 
(redrawn frooi Wumaoit). 

bristles; body with three longitudinal rows of iMrliellate bristles; dorsal 
row of bristles minutely tuberculate. glubose-nvaie. hyaline ; prnihoracic 
pair much enlarged and more globose ; dorsu-laieral bristles rise from 
double tubercles, those on anterior limbs lung, light bmwn and semi-trans- 
parent, posterior branches with shoner, jet black brittles : lateral row of 
small simple lubcrclet lipped with blaik shining bristles. 

I'upa : 1. 5-3 mm. lorK. head and thiirax wine-coliirvd ; eiihcr side of the 
thorax with six barlwllatc spines of varying Icn^h anil one lar)-e tuliercle- 
like spine near stigma, thorax heavily sculptured and minutely spinulose ; 
segments 1 and 3 with a barbellate spine on either side ; segment 4 with one 
small simple s|Hne ; other segments unarmed, shining, with small irregular 
ridges on dorsal portion ; anal segment encased in larval skin. 
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Each of the puparia had been killed by an interesting proto- 
trypid parasite so that no imagines of this new myrmecophilous 
Ceratopogon could be obtained. A number of these parasites 
were sent to Mr. Ashmead for identification and proved to repre- 
sent a new genus of the family Diapriidae. Through the kind- 
ness of Mr. Ashmead, his description of this new genus and 
species is inserted in this article. By way of illustration figures 
are included of this new species {Adeliopria longii Ashmead) and 
also of the new and closely related species {Sdlenopsia imitatrix) 
recently described by Wasmann.* The Ceratopogon puparia 
were found December 1 5, 1900, beneath a stone, in what seemed 
to be an abandoned ants* nest. The parasites issued, one from 
the thoracic dorsum of each of the Ceratopogon puparia De- 
cember 3 1 and lived eight or ten days. This suggests that some 
of the proctotrupids that have been found in ants' nests and 
regarded as myrmecophiles may be in reality only parasites of 
the guests of the ants. 

A comparison of the five species above described shows that 
the larvae of each have practically the same general size, shape, 
and color ; but the spinous ornamentation is very different, so 
that they are readily separable by this means alone. In C, ste- 
nammatis the larvae differ from the other species in the shape of 
the anal feet which are cylindrical, short and armed with claws at 
apex. 

The puparia of the Texan Ceratopogons also resemble one 
another very much. Even the differences in spinous ornamenta- 
tion are not so marked as in the larvae. The imagines, however, 
differ in many essential details, especially in coloration and pilos- 
ity. The palpi of both sexes of C. brumalis and C, spccularis 
are similar, but the female of C. texanus has the second joint of 
the palpus much enlarged and the sense organ on it correspond- 
ingly increased in size (see Fig. 6, s and /) ; the neuration of the 
wings of the species is practically identical ; the anal extremities 
of all the puparia which were examined by the writer have the 
peculiar furcate anal tip and '* fingers " described under C, specu- 
laris (see Fig. 6, r). These probably function, as suggested, in 
holding the old larval skin to the posterior segments of the pupa. 

' Die psychischen Fahigkeiten der Ameisen, 1899, p. 127 and laf. III., figure I. 
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This seems probable also from the fact that the segments encased 
in the larval skin are smooth, with none of the spines or bristles 
which apf>ear on the free portions. The tips were observed to 
be divergent in life but the exact position of the ** fingers '* could 
not be determined on account of their being concealed under the 
larval skin. The dorsal bristles of each of the five species (see 
Fig. 6, a) are the most characteristic and distinguishing features 
of the larva[;, thus afTording a sure and easy means of separating 
the species. In no case is there any material variation in 
these bristles for a given species ; even when the habitat varies 
considerably, as in C. bruppialis, which lives under dung, under 
rotten wood and in the nests of ants {Eciton arcuin), the spin- 
ous ornamentation is constant, and the imagines are identical. 



A NEW GENUS OF DIAPRIIDS FROM TEXAS. 

WILLIAM H. ASHMEAD. 

Recently I received from Mr. W. H. Long, Jr., of Austin, 
Texas, several specimens of a Diapriid, bred by him from puparia 
of a Dipteron, Ceratopogon sp., obtained from an abandoned ant's 
nest under a stone. 

A careful examination of the specimens shows that both sexes 
are represented and that they will form the type of a new genus 
allied to the recently established genus Solenopsia Wasmann ; * 

« 

but quite distinct in several particulars. At the request of Mr. 
Long, it is here described to be incorporated by him in a paper 
that will appear shortly. 

Adeliopria, gen. nov. (Diapriidae). 
The two genera may separated as follows : 

Females 2 

Males 3 

2. Antennae 1 1 -jointed, the funicle joints 2-7 transverse, the 8th joint quadrate, the 

dub large cone-shaped, unjointed Solenopsia Wasm. 

Antennae 1 2 -jointed, the flagellum clavate, the funicle joints 6-9 moniliform, the 
club fusiform, 3-jointed AdeliopriayVi. g. 

3. Antennae 1 2-jointed ; mesonotum without parapsidal furrows. 

Flagellum ending in a 3-jointed club Solenopsia Wasm. 

Flagellum filiform, sparsely, finely pubescent, tapering off at tip, joints 2-II 
moniliform, the last joint small, oval Adeliopria^ n. g. 

Adeliopria longit, sp. nov. 

9 $ . Length, .8 to i mm. Polished, black, impunctate, the metapleurae 
clothed with a pale pubescence ; the head and thorax with a few fine long 
hairs ; the head transverse, the temples obliquely rounded off posteriorly ; 
scape, mandibles and legs rufo-testaceous ; the legs in 9 a little the darker 
with the sutures of trochanters, a dot on knees and the extreme apices of 
tibiae yellowish ; in $ with the front and middle coxae yellowish, the scutel- 
lum has a large fovea across the base, separated into two by a delicate 
median carina at base. Metathorax wrinkled with a slight median spine at 
base, just back of scutellum. Wings hyaline, subemarginate at apex the 
apices being cordate ; the venation as in Phanopria and ciliate. Abdomen 
oblong, smooth and polished, the second segment very large, occupying 
most of the surface ; the petiole longer than thick, furrowed. Type : — Cat. 
No. 5715, U. S. N. M. (8 9 and 2 $ specimens) Host. Dipt.; Ceratopogon 
wheeUri Long. 

>Vide Die psychischen F&higkeiten der Ameisen, 1899, p. 127. 
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The singular and primitive family Embidae of doubtful affini- 
ties is represented by not more than a score of living species and 
a few preserved in amber. Of these nearly one half are known 
from fewer than five specimens each. Up to 1885, the date of 
publication of Hagen's Monograph of this family,* only fifteen 
living species had been recorded. Since that time less than a 
half dozen species have been discovered, so that even now 
this family remains one of the most poorly represented of the 
insect world. 

The habits of three or four species have been studied to some 
extent, but only of Embia solieri Rambur do we know any- 
thing at all approaching the whole postembryonic life-history. 
It is to Professor Grassi ^ that we owe this contribution. He 
worked out the internal anatomy of this species and showed how 
the nests in which it lives are spun by the insect's forefeet instead 
of by its mouth-parts as had been previously supposed. The 
object of the present paper is to call attention to two new forms, 
one from Texas and one from Mexico, and to the peculiar struc- 
ture of the spinning organ. 

Up to the present time only two species have been taken on 
this continent, one, Embia {Oligotomd) hubhardi Hagcn, in 
Florida and one, Olyntha salvini McLachan in Mexico. The 
new forms probably belong to these same genera, though one of 
them is here placed in E.mbia. This is done, not because it 
ought not to be included in Oligotoma, where its nearest allies 
are placed, but because it is believed that the genus Olij^otofna 
is untenable. The two genera are separated only by a fx^culiar- 
ity of wing neuration, but Grassi has shown that the adults of 

' ContnlnitionA fn>m the /ool<»|^cal L»U>r»lory of the rnivrrwiy of Texas, No. l6. 
* Hagen, II., Monograph of the Kmbidina, Cantuium Entomclopit^ V»»l. XVU.,, 

pp. 141 155. iy"-"/**. l90->99. 206-22<^ 

'C(>4tttu/ioneeSviIluiM> della Soctetadte Termitidi . . . con un* Apjvendice . . . 
ftulla Famiglia dellc Ktnhidini. Catania. 1S93. 
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Einbia solicri are wingless, so that in this case the character can 
not apply. None of the specimens of either of the new species 
show any tract^s of wings, although those of the Texan spe- 
cies which were sectioned possess spermatozoa nearly matured. 
It is interesting to note the distribution of the North Amer- 
ican genera. The two Olynthas were taken on nearly the 
same parallel of latitude, and this is also the case with the two 
Embias. 

The types of the two new species are deposited in the Museum 
of Comparative Zoology, which also contains the material 
worked over by Dr. Hagen. 




b, dorsal view of tip of 



Olyntha 



Length, 6,5 mm. Body black, very lightly subpruinose. punctulate, 
subglabrous. Insect sparsely covered with fine pale hairs and slender 
black bristles scattered on antennx, above eyes, on femora, dense on under 
surface of four posterior metatarsi, more sparsely on lateral edges of thorax 
and abdomen, and long on anal appendages. Antenna; somewhat defective, 
but with twenty joints present, which together are longer than head and 
thorax ; basal joint stoul, cylindrical, second one fourth less in diameter, its 
length and diameter equal, first and second joints plceous, with no erect 
black bristles, remaining joints dark fuscous with black radiating bristles, 
third antennal joint equal to two basals, its sides concave, remaining joints 
elongate pyriform, thicker beyond middle, fourth shorter, fifth to sixteenth 
subequal, seventeenth to twentieth a little shorter. Labial palpi rather 
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thick. Maxillary palpi plainly five-jointed, second and third joints sub- 
equal, each a little shorter than firrt, fourth longer than first but more 
slender, fifth not longer than third plus the fourth, with numerous pale 
hairs. The bases of the maxilhu and the galejc are testaceous, remainder 
of head black. Thorax flattened above, the mesothorax larger than the 
others, evenly black, no color markings. Legs black, last tarsal joint 
ahitaceous at tip. ungues pale with piceous apex ; fore metatarsi greatly 
enlarged, with pale recurved hairs along edge of lower surface, middle 
joint with similar hairs : tarsi of four posterior legs slender, metatarsi with a 
dense bruhh of thick, short, black bristles beneath, middle joint with paler 
papilla, third joint slender, long ; middle legs slender ; posterior femora 
much incrassated. I^ft anal appendage one-jointed, but articulated with 
the body, stout, large, clavate. obliquely truncate at tip, lightly rugose. 
Right appendage two.jointed as usual, the apical joint shorter and thinner 
than the basal. Both appendages have many long brown to black hairs, 
lietween the appendages are two triangular lamelhe. The left one testa- 
ceous, the right one black and testaceous apically : each armed with an 
apical spine pointing transversely outward. The median portion of the 
last ventral segment is placed largely towards the right. From the upper 
surface the secondary sexual characters present a different aspect. The 
terminal abdominal segment (loth) is obliquely cleft, the cleavage starting 
near the left side and terminating nearly midway between the appendages. 
The left (>ortion is prolonged into a hastate slender projection. Near the 
l)ase of the left ap(>endage arises a fi<it lighter-colored triangular process 
(seen from below as the left triangular lamella). This overlies the hastate 
projection. The right jwrtion of the last segment terminates in a flattened 
bifurcate process, the outer tooth of which is bent downward and the upper 
tooth to the right. The ninth abdominal dorsal segment is very narrow, of 
alKiut one third the depth of the others : its posterior margin is arcuate, 
bulging outward on the right side and emarginate on the left. 

From above the head is one half longer than broad, wide at 
the rather prominent eye.s and then sloping suddenly forward and 
less so behind the eyes ; hind angles ver)' oblique ; head not at 
all quadrangular in outline ; no impressed markings ; surface 
evenly, finely rugulose. 

Among other characters, the shape of the head, the structure 
of the antenn«x\ the color of the hairs and body and the remark- 
able sexual organs are |K*cuIiar to this s|)ecies and readily distin- 
guish it from the other s|H:cics of Olytttha. 

One wingless s|)ecimen from Cuernavaca, Mexico, taken De- 
cember 26, 1900. by Dr. \Vm. \V. Wheeler while excavating a 
nest of I^ptogenys icheeitH I'^orel. 
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Ehbia texana, sp. nov, (Figs. 2 and 3.) 
Immature MciU. — Length, 5-7 mm. Rufous. Amenns pale fuscous, 
when folded back reaching to second pair of legs, fihform with small tes- 
taceous setae. First three joints more or less quadrate, others rounded, 
first joint rather thicker than the others, a little longer than broad : second 
the palest, as long as broad ; third pale at base, nearly twice as long as 
broad : fourth and fifth but little longer than broad : remaining joints 
gradually increasing in length, last three joints twice as long as wide, their 
diameter nearly equal to that at base. No more than sixteen Joints were 




Fig. 



counted in any one specimen. Each aniennal joint has 
at its base. The 5-jointed maxillary palpi become palei 
the first joint connate with the head, second joint very 
and fifth gradually increasing in length and decreasing 
little longer than the two preceding together. Third 
palpi broad, yellow. Galeae yellow, prominent, broad, 
mentum rufous, as is a large W-shaped mark on the 
head. Eyes oblique, black, consisting of about fifty 
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angular beneath, with two small rufous tubercles, between which are the 
apices of two rufous triangles. The thoracic sclerites transverse, rufous, 
separated by colorless thin chitin. The sterna are well-marked. Ab- 
dominal sclerites more firmly chitinized than thorax and therefore darker 
red. Anal plate divided, a little asymmetrically, the right piece with a slight 
subapical notch on inside where there is a transverse carina. If any dif- 
ferences exist in the anal styles the basal joint of the left is a little stouter. 
Legs rufous except middle and hind coxa; and trochanters, knees, and last 
tarsal joint. The fore and hind femora are strongly incrassate as are the 
fore tibiae and tarsi. Under side of the front metatarsi nearly plane, beset 
with minute and with moderately long bristles, the longer set recurved at 
tip. Remainder of legs and body covered with scattered pale yellow 
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Vui. 3. Kmhia lexana, a, front tarsus ; ^, tip of dorsum of abdomen ; r, base of 
antenna ; </, prothuracic notum ; ^, labial palpus ; /, maxillary |>alpus. 

bristles which are longer on the anal styles. Tpper side of head with three 
clear ••ocellar" spots, a Y-shaped mark confluent with an inverted heart- 
shaped, basal space, on each side of which is a granulate clavate mark. 
The stem of the Y continues along the middorsal line of the thorax and 
more faintly along the basal segments of the abdomen. I'pper side of the 
thorax with an inverted "fleur-de-lis"- shaped, granulate, clearer mark. 
These color-marks are sometimes faint. No traces of wings. 

Eight specimens taken during the winter months, from No- 
vember to March. Austin, Texas. 

The following are the chief chartictcrs which separate the re- 
lated species from the above- described form : 

Jifptbia (^Oligotoma) cubana Hagcn. li'hi/^et/ male. Head cut 
straight near the prothorax ; last pal|>;il joint long-conical ; be- 
tween anal styles above is a short bent process, on the left side 
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of which is a conical lobe, short, open at tip. Wingless female. 
Antennae i8-jointed; last ventral segment not divided; above 
between appendages is a small thin elongated lobe. 

Embia {Oligotomd) Imbbardi Hag. Winged male, 4 mm. 
Head cut straight before prothorax ; second joint of antennae 
very small, annular; third joint as long as two basals, thicker 
on tip ; fourth and fifth similar to third but a little shorter ; abdo- 
men pale brown. 

Embia {Oligotomd) insularis McLachl. Winged male. Sixth 
antennal joint as long as third ; apical joint of labial palpi ovoid ; 
abdomen pale dirty brown ; last ventral ending in a bottle-shaped 
tube which is turned to the left and partly surrounded by a horny 
hook. 

Embia texana is very susceptible to differing degrees of humid- 
ity and therefore cannot be found at all seasons of the year. After 
the ground has been moistened by the winter rains the Embiids 
were found, the last one being taken during March. As soon as 
the overhead sun dries up the ground these insects are never 
seen, having burrowed deeply into the soil. One specimen was 
taken while ripping the bark from a fallen tree, all the others 
were found under stones ; and of these one was found in com- 
pany with Formica fusca L. var. gnava Buckley, though its 
association with the ants was accidental, no doubt, as was shown 
by its hurry to escape. In this connection attention may be 
called to the occurrence of the Olyntha in the nest oi Leptogenys, 
Embia texana is apparently not rare in this vicinity, two having 
been taken in a single day, though from its neat manner of con- 
cealment and its limited time of appearance it is found only by 
the merest chance. The species has been taken in localities 
about the city of Austin separated by over ten miles, places of 
different character, one a sandy tract, and the other a limestone 
hill. 

The insects live singly in silken webs, spun by themselves. 
These webs are tunnels in some niche of the rock which shelters 
them, or spun between the grains of soil. They are an inch or 
more in length, and closed at one end, their diameter a little 
greater than the insect's body. Sometimes a small flat web 'v& 
spun beneath the stone. The tunnels are provided with side- 
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passages ending, in the case under observation, blindly (Fig. 2, c). 
When the Embiid wishes to turn in its passage it backs partway 
into a side tunnel until its head is free to point the other way. 
This is not universal, however. Embia was several times seen to 
turn on itself, as its very supple body and unchitinized joints 
permit it to place the thorax in a line parallel with and touching 
its abdomen. During the daytime Embia seemed loath to quit 
its tunnel, and when forced out would always return to it in a 
few minutes. When in the tunnel it is completely concealed. 
This accounts for the few specimens, as all were taken when 
driven from their retreat on the removal of their stone. 

It was stated by Hagen that the web is used in ensnaring 
prey. Its texture is far too delicate for that purpose, even were 
its size larger. Embia' s silk is very different from spiders' webs. 
It is much more frail and of an opalescent whiteness which ren- 
ders it distinguishable, after practice, from the spider webs com- 
mon in the same situations. Grassi states : " Evidently the 
gallery serves to protect the body from too excessive transpira- 
tion, and to keep about the Embia an atmosphere not too dry.'* 
but it is difficult to see how a net can prevent excessive trans- 
piration in a dry climate like that of Austin. The tunnels prob- 
ably serve merely as a retreat. The insect seems entirely con- 
tented when at home and touching the meshes of its web, so that 
it may be described as strongly, positively thigmotactic. Indeed, 
it was frequently observed to stretch its front feet outward, in 
order to press its back against the soft silk. 

When the web was touched, the Embiid darted out, sometimes 
head first and sometimes crawfishing. Its backward movements, 
however, are very different from its normal walk. In moving ahead 
Embia walks with a sinuous motion, bending its supple body 
slightly to accommodate the motions of its legs, and covering 
about two thirds of an inch, or less, in one second. Its recoils are 
more of a scurry from danger. It then travels a full inch in a 
second and in a straight path, though it never goes beyond an 
inch in any single dart. While walking, the abdomen is carried 
in a very unstaphylinid-like manner, the central part being ele- 
vated and the lip depressed. Efubia was never observed to jump, 
though the incrassate and muscular femora would at first sight 
seem to indicate that habit. 
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One of the Embias was kept in a small culture dish with a few 
grains of sand. The first night it spun along the edge of the 
glass a web in which it remained the two following days. Then 
it discovered the sand in the center of its room and spun another 
gallery between the surface of the glass and the sand. In this 
position it was absolutely concealed, having completely covered 
the web with the small amount of sand present. Embia is ex- 
clusively nocturnal, at least in the nymphal state. Although the 
tunnel was in great part completed in a single night additions 
were made to it on several succeeding nights. 

At first sight the silk resembles a very thin, pale gossamer, 
but when viewed under a strong magnification the individual 
threads are seen to be arranged in fine bundles of varying thick- 
ness. Most of the threads in a bundle lie parallel with one an- 
other, but the bundles contain a few curled threads also. The 
individual threads vary in diameter. 

In making its web Embia does not use its mouth — notwith- 
standing Hagen's statement that spinning organs are present 
among the mouth parts — but it uses instead, its forefeet, as 
Grassi had shown. No other animal has developed spinning 
organs in this position. The silk is produced by large glands 
occupying nearly the whole of the enlarged metatarsus. The 
underside of this joint is provided with a dense mat of small 
short bristles, and interspersed among them are the longer 
spinning bristles, each of which is hollow and slightly re- 
curved at the tip and contains a tenuous duct from the gland. 
While spinning, Embia very rapidly moves its forefeet, either 
singly or both together, now reaching out directly in front, 
now to the side, with a movement which reminds one of a 
cat toying with a string. Each time it touches a surface it 
attaches a bundle of silk. As the bundles are of varying sizes 
it would seem that sometimes all the glands function, at others 
only one. 

While spinning its cylindrical retreat, Embia slowly rotates 
on its longitudinal axis. When within its nest it does not 
find it inconvenient to rest with head downward. It was seen 
resting on its side or back more frequently than with its ventral 
surface down. The soothing touch of its web seems to be suffi- 
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cicnt to insure a feeling of security no matter how its body may 
be placed. In its natural habitat the insect is normally found 
clinging to the under surface of its sheltering stone. But when 
driven from its gallery, Embia rebels if placed in an inverted 
position and rights itself immediately by wriggling the tail and 
clutching with the forefoot, which probably at the same moment 
emits a strand of silk. 

The antenn.x' of Embia appear to be less sensitive to touch 
than the body. The insect would frequently butt against some 
obstruction notwithstanding the warning received through the 
antennae. On one occasion the warning was insufficient to pre- 
vent Embia from walking into a drop of honey, and after an en- 
forced bath the insect seemed more solicitous of its forefeet than 
of the rest of its body, carefully eating off the honey from their 
plantar surfaces. When about to clean its antenna: Embia rapidly 
turned its head and thus brought one of these organs under the 
body and then standing over it gradually drew it forward, at the 
same time eating off the honey. This was the only time the 
insect was observed to eat anything of a vegetable origin, and 
then it was only with great reluctance. On several occasions 
small pieces of a worm and a fly attracted its attention but after a 
few nibbles it would run away. The abandoned web at the edge 
of the jar seemed to be a more toothsome morsel, for Embia was 
frequently observed nibbling at it. 

The spinning glands of Embia ( Fig. 4) are unique and without 
parallel. The silk is produced in the thickened anterior meta- 
tarsi within chambers and conducted outside to the recurved 
hairs at the edge of the plantar surface. The chambers of the 
metatarsus which may be seen shining through the chitinous 
integument, appear more or less regularly arranged in three 
longitudinal layers, one next to the sole, a second in the middle, 
and a third dorsally. In each series there are, roughly estimated, 
about twenty-five chambers, placed about three abreast. Thus 
in the whole joint the chambers number between seventy-five and 
eighty. The cavities are nearly all of the same size — about sixty 
micra in diameter — though the outer chambers arc somewhat 
smaller. Kach chamber is more or less cuboidal and bounded 
by a single layer of epithelium. This is for the most i)art quite 
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thin and flattened in the central part of the faces, but becomes 
columnar at the corners. Cell-boundaries are not easily seen. 
The large central space of each chamber is filled with a colloid 
secretion, more or less shrunken in alcoholic material. This 
substance, the silk, is carried to the tips of the hairs through 
ducts of varying length, one from each chamber (Fig. 4, b). 
The terminal hairs (Fig. 4, a) are arranged in a row around the 
edge of the plantar surface of both the metatarsus and. the second 
tarsal joint. Though the latter is devoid of any secreting gland 
it possesses several ducts leading through it from the metatarsus. 
Some of the ducts lead along the periphery of the joint, others 




Fig. 4. Embia texana. Portion of metatarsus, showing glands ; a, spinning 
bristle ; ^, duct of silk-tube ; r, ampulla at base of duct. 

pass between the gland-chambers. The foot -tendon lies in large 

part between the two lower series of glands. 

In the glands, each duct arises from a remarkable ampulla (Fig. 

4, Cy d, e). The wall of the duct suddenly becomes thickened, 

and then subdivides into four or five rays, which are continued in 

the form of the equidistant meridians of a sphere and meet again 

in an end-plate opposite the point of subdivision. Thus the 

lumen of each duct terminates proximally in four, or rarely five, 

large, elliptical or ovoid, lateral openings. At the base of each 

opening is a radial arrangement of fine processes, possibly the 

expression of the silk being drawn into the lumen of the tube. 
University of Texas, Austin, Texas, March 22, 1901. 
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Postscript. 

Since the foregoing account was written we have met with 
Embia t€xana a number of times, while on two occasions several 
specimens were associated in the same nest. In the former of 
these cases the retreat was the combined eflbrts of six individuals, 
in the latter but three specimens resided together. These family 
homes are larger than those of the solitary Embias, extending 
for several inches and consisting of a large mass of silk. As 
none of the specimens obser\'ed show any trace of wing-forma- 
tion, our previous conclusion, that this species is wingless, is 
probably correct. 

Austin, Texas, March 22, 1902. 



THE NESTING HABITS OF ANTHIDIUM.' 

AXEL LEONARD MELANDER. 

The care and forethought which an insect shows in providing 
for an offspring which in most cases she will never see have 
always excited the interest of biologists. Among these insects 
the solitary bees have especially attracted the attention of ob- 
servers on account of their varied habits of nest construction. 
Here, in a group of insects more or less homogeneous, we find 
the style of architecture under such differing forms as the fence- 
rail excavations of the carpenter-bees, the thimble-like nest of 
the leaf-cutters, or the Andrena-hurrov/s in wayside paths. 

The genus Anihidiwn affords no less interesting methods of 
house construction. For many years the habits of a few species 
of this genus have been well known, but they constitute but a 
small contribution when the whole number of species is consid- 
ered. In a recent monograph of the European species of An- 
thidium Dr. Henry Friese estimates the total number of species 
of the world at between five and six hundred. Already some 
two hundred and twenty have been described, but of these the 
habits of the two hundred are yet to be made known. 

Anthidium is a genus of fixed morphology, that is the species 
rather markedly resemble one another. All have the abdomen 
destitute of hair above, and brightly ornate with yellowish mark- 
ings. Notwithstanding this similarity in appearance the habits 
of the species are quite different. Two distinct methods of nest- 
building are presented, from one or the other of which the 
species, at least so far as known, scarcely ever depart. The 
French entomologist, Fabre, has tersely called these two catego- 
ries, those of the " Cottonniers '* and of the ** Resiniers.*' 

The cotton- workers do not show much deviation from the 
habits of other bees and might be considered to possess the 
primitive nesting-habit of this genus. Among bees the female 
either digs a hole in the ground or, more usually, occupies one 
already dug. Apparently all that is sought is a convenient 

* Contributions from the 2^logical Laboratory of the Uninversity of Texas, No. 12. 
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nidus; tlie form is of small moment. AHtlwUum has been 
known to choose abandoned burrows of other bees, or the ex- 
cavations made by Scarabxid lar\'a;. There are several cases 
recorded where even key-holes have been utilized. In other 
species the nests arc placed, not in the ground, but in hollow 
plant stems. In all these cases the nest is lined with a hard 
compacted cottony down scraped from the stems of pubescent 
ptant-s by means of the dentate mandibles of the female. 




. Ncu of AmlkUimm l/Mamam 



With the " Rcsiniers " the habits arc to some extent diflcrcnt. 
They have the peculiar habit of constructing their nests with lite 
aid of the resin of various conifers. In addition to this some 
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of the species invariably seek out the empty shells of different 
Helices wherein to start their future family. 

Thus far, the habits of but three of the forty-one North 
American species of Anthiditim have been made known. Of 
these emarginatum and parosclce are " Cottonniers/' and con- 
struct their nests normally in dry sand-banks. The third 
species, consimile, builds among the branches of shrubs or in 
crevices in rocks and has habits somewhat resembling those of 
the resin-worker, texaiium^ here to be described.' 

That Anihidium presents the two types of nest construction 
in both the Old and the New World shows these to be very 
ancient habits whose divergence occurred at an indefinitely re- 
mote period. 

While collecting insects in January, on the south side of the 
Colorado River, a few miles west of Austin (Texas), at an altitude 
of about eight hundred feet, a nest of what proved to be Anthidium 
texanum was found. 

This structure was fastened to a branch of cedar {Juniperus 
virginianus Linn.) about eight feet from the ground. In appear- 
ance it was like a small rounded conglomerate with a greatest 
diameter of twenty-three, and a least of eighteen millimeters. 
This curious nest consisted of small pebbles of limestone, from 
one to three millimeters in thickness, securely cemented together 
with an amber-colored resin, presumably derived from the cedars. 
Its weight after the bees had transformed was five grammes. 

In this mass were six pupal cells. They consisted of a tough, 
chestnut-brown membrane, more or less transparent so that the 
pupae within could be seen. They were four and one half mil- 
limeters in diameter, about ten millimeters deep, with a rounded 
bottom, flat top, and slightly narrowed in width above. The flat 
top consisted of tougher material, in large part spun in concentric 
rings around a whitish, conspicuous mammilla. This projection, 
which is characteristic of Anthidium, contained a central hole, 
and canal to the interior. 

1 In the description of consimiUy Dr. Davidson did not state of what material the 
cement was composed. Since then he has informed me that the species builds at 
times miles from any pines, so that then, at least, other plants probably furnish the 
resin. Another species, which unfortunately was not identified, was found building 
in pine resins on San Jacinto Mt. 
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The arrangftncnt of the pup.x' deserves notice. Two were 
entirely enclosed in the resinous mass except at their main mi limited 
end. The three adjacent were more exposed, all on the same 
side from the two enclosed cells, and 
arranged in a row parallel with that of 
the two. while the sixth, which con- 
tained the only male, was quite un> 
covered and placed on another side of 
the nest. This also was the last to 
transform. The five contiguous cells 
contained females. All the pupx were 
oriented alike ; also, the head of the 
pupa was nearest the mammillated end. 
"— «• The first bees, two in number, 
emerged on May i6th, and immedi- 
ately crawled back into their cases 
head first. The next transformed on 
the Kjth. the fourth and fifth on the 
25th, while the male did not appear 
until June 4th. Each imago repeated 
the habit of the former ones, by crawling head-first into its 
vacated pu|ia-case. The adult bees seemed to have eaten the 
flat end of their envelope in gelling out, for no traces of it could 




Fin, i. A tinitU pupa cell 
tbowing the maminill*. 




be found «ftcruraril> . t 
cencc whatever was employed 



No Loliuiiy pulics- 
t -construction. The 
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Califomian consimile uses granite pebbles as the basis for its nest 
whereas texanum employs limestone, there being no granite at 
Austin. 

The adult bees are quite rare, apparently only two males hav- 
ing been taken previously, by Mr. G. W. Belfrage, in Bosque 
Co., Texas. These are the types in the collection of the Ameri- 
can Entomological Society in Philadelphia, and have been com- 
pared with the present specimens to insure the accuracy of the 
specific determination. The females differ from Cresson's descrip- 
tion of the male in having the clypeus largely black ; the only 
yellow occurs in the extreme lateral comers. The sixth abdom- 
inal tergite is wholly black. The mandibles also are black and 
their apical margin is evenly truncate, whereas in the male they 
are apically emarginate on each side of a median tooth. 

Below is appended a list of the species of Anthidium, the habits 
of which are known, and also the papers referring to these. The 
habits of a number of species are reviewed by Dr. H. Friese in 
his Apidae Europae. Vol. IV. Many interesting notes on the 
flowers visited by Anthidium are given in Knuth's Bliitenbiologie, 
especially in Vol. II., pt. 2, p. 601. 

** COTONNIERS.** 

cingulatum : Fabre, Souveniers Entomologiques, Vol. IV. 

diadema : Fabre. Souveniers Entomologiques, Vol. IV. ; 
Rudow, Soc. Entom., 1 887-1 888. 

emarginatum : Davidson, Ent. News, 1895. 

florentinum : Rudow, Soc. Entom., 1887-1888; Fabre, Souv. 
Entomol., Vol. IV. ; Rudow, published by the author, Perleberg. 

lituratuin : Rudow, Soc. Entom., 1887-1888. 

manicaium : Rudow, Soc. Entom., 1887-1888 ; Rudow, pub- 
lished by the author, Perleberg ; Verhoeff, Zool. Jahrb., Syst. 
VI. ; Fabre, Souv. Entom., IV. 

montanum : Dal la Torre, Entomolog. Nachricht., 1880. 

oblongatum : Rudow, Soc. Entom., III. ; Xambeu, Bull. Soc. 
Ent. France, 1896. 

paroselce : Minnie Newberry, Psyche, 1900. 

scapulare : Fabre, Souv. Entom., IV. 
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Resiniers." 
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biilicosum : Fabre, Souv. Entom., IV. 

consimile : Davidson, Ent. News, 1 896. 

contractum : Lichtenstein-Montpellier. 

latreilli: Fabre, Souv. Entom., IV. 

quadrilobum : Fabre, Souv. Entom., IV. 

scptem-dcniatum : Fabre, Souv. Entom., IV. ; Xambeu, Bull. 
Soc. Ent. Fr., 1896. 

sticticum : Lucas, Explorat. d'Algerie, 1846 ; Tosi, Bull. Soc. 
Ent. Ital., XXIX. 

strigatum: Friese, Apidae Europse, Vol. IV.; Kirschbaum 
Nassanisch. Jahr., 1871. 

texanum : Described above. 

The University of Texas, 

Austin, Tex., Nov. 14, 1900. 
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Explanation of Pijite. 

Fig. I. Gasteruption Pattersons ^ J. 

Fig. 2. Pa mopes westcoitii^ 9 • 

Fig. 3. Pitmopes westcottii^ $ . 

Fig. 4. Pamopes a^laspidnla, 9 . 

Fig. 5. Pamopes aglaspidula^ 9* 

^ Ic;. 6. TrigoHafys kollensis, 9 • 

Fig. 7. Trigonalys h^ltensis^ $. 

AU figures are enlarged ; reproduced from photographs made hy the authors. 



NEW SPECIES OF GASTERUPTION, TRIGONALYS, 
PARNOPES AND PSAMMOPHILA.^ 

AXEL LEONARD MELANDER AND CHARLES THOMAS BRUES. 

GASTERUPTION. 

GASTERUPTION (FCENUS) PATTERSONiE, Sp. nov. 

Female, — Length, 1 1 mm., ovipositor lo mm. Body ferruginous. Head 
black. Dorsum of thorax ; dorsal line on first abdominal segment, extend- 
ing nearly to tip of segment ; dorsal spots on second and third segments, 
somewhat indistinct on third ; then a dorsal line which widens out, so that 
it covers the last segment almost completely ; piceous. Ovipositor shields 
very dark fuscous. Legs ferruginous, hind tibiae slightly darker outwardly 
and toward apex, and banded with white near base. Clypeus and mandi- 
bles ferruginous, the latter black at extreme tip. Palpi rufous, last joint 
black. Antennae about as long as head and thorax, fuscous ; scape 
rufous ; flagellum black at base and lighter below except on apical joint. 
Wings hyaline, nervures and stigma fuscous. Head, thorax, and posterior 
covae silvery pubescent. Clypeus quadridentate, fringed with golden hairs. 
Front punctate above antennae, and very finely and somewhat obsoletely, 
transversely aciculate. Prothorax rather deeply and finely punctured. 
Pleurae rugose ; dorsum and metathorax transversely rugose aciculate. 
Abdomen impunctured, smooth, not very shining ; strongly compressed at 
base, widest at third segment which is one- half as wide as high. Ovipositor 
longer than abdomen, alutaceous. 

Described from a female specimen, collected by Miss Rose 
Patterson, August ii, 1898, at San Jose, California. 

This species may be readily recognized by the entirely ferrug- 
inous pleurae, legs, and antennal scape and by the very slight 
amount of black upon the abdomen. It is the only species re- 
corded from California. 

Mr. Ashmead* has pointed out the synonymy oi Fcenus Fabr., 

and Gasteruption, which was described two years previously, viz., 

in 1796, by Latreille. 

TRIGONALYS. 

The species of Trigonalys from the United States and Canada 
so far known may be recognized by the following artificial key : 

1 Contributions from the Zodlogical Laboratory of the University of Texas, No. II. 
* Classification of the Ichneumon Flies ; Proceedings United States National 
Museum^ No. 1 206, July, 1900. 
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Insect almost wholly bUck 2 

With conspicuous yellow markings 3 

2. Abdominal spots larger ; body less coarsely punctured ; subtegular tubercle black; 

^ , 9.5 mm puUatus Schuck. 

Abdominal spots smaller ; body strongly punctured ; subtegular tubercle yellow ; 
(f , II mm hollmsiSf %'ar. nov. 

3. Second abdominal segment fulvous with a large, subquadrate, black spot on each 

side, and a transverse lateral white spot at tip pu/che/ius Cress. 

Second abdominal segment black with at least atranverse yellow stripe 4 

4. Scutellum wholly yellow ; 7 mm su/catus Davis 

Scutellum somewhat black in middle ; larger 5 

5. Coxae and femora black ; wings with subapical cloud 6 

Coxae yellowish, femora dark fuscous ; wings fuscous along costa . (ostalis Cress. 

6. Head confluently punctured nevadensii Cress. 

Face above antennae, and vertex impunctate canadensis Hamtgn. 

TRKiONALYS I'lLLATUS Shuck. var, HOLLENSis. var. nov. 

Afale, — Length, 1 1 mm. Black, coarsely punctured, with almost seri- 
ceous, short white pile proceeding from each puncture, and covering whole 
insect. Antennae with twenty-four joints, black, filiform, slender, the 
middle joints stouter than the others, the joints evenly decreasing in length 
to the pointed tip ; scape black. Head strongly, closely punctured ; an- 
tennae inserted in upfMrr portion of transverse broad depression. Mandi- 
bles prominent, broad, with three or four well-marked teeth. Maxillary 
palpi slender, six-jointed ; labial palpi consisting of three stouter joints, 
the last securiform. Tegulx piceous ; tubercle below icguhr yellow. 
The punctation of the thorax is more rugose than that of head or abdo- 
men. Parapsidal depressions well marked, as is also a central longitu- 
dinal groove. Scutellum prominent, with median longitudinal groove, 
and deeply fovealc at sides. Postscutellum strongly fo!»sate at sides. 
Metathorax rugosely reticulate on posterior declivity. First segment of 
abdomen short, triangular, second largest, four times length of first, 
third one half length of second, rest of abdomen incurved, not visible 
from above, fourth and fifth segments subequal, sixth provided with 
a rough series of small tubercles. At the apex of the abdomen are 
two short claspers. Second, third and fourth segments each marked 
with an inconspicuous yellow lateral spot near posterior margin. First 
and second ventrals equivalent to first and second dorsals, remaining 
segments much smaller on account of the infolding of the abdomen : sec- 
ond ventral provided with a subapical, flat, median tooth, beyond which 
the abdomen is deeply notched ; last ventrals carinate in middle. Legs 
marked with yellow as follows : exterior faces of all tibiae, broadly inter- 
rupted on middle pair and narrowly on posterior ones, exterior face of 
front metatarsi, and exterior two thirds of middle and hind metatarsi. 
Pectus swollen, deeply, longitudinally grooved. Wings hyaline at base, 
with a slightly infuscated cloud on apical third : subcostal and externo. 
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medial nervures strong, piceous, remaining veins weaker, interrupted in 
places ; second and third submarginals subequal, second narrowed to- 
wards marginal cell, third subquadrate. 

Female, — Differs from male as follows : Length, Zyi mm. Antennae 
twenty-three-jointed. Second abdominal segment only with a small yellow 
posterio lateral spot. Abdomen without the secondary sexual characters 
of the male, shaped much as in Nomada, with four genital filaments, the 
outer pair of which are fimbriate. Four posterior tibiae with only a basal 
yellow band, the hind ones with only slight indications of the striping. 
The second submarginal is longer than the third and subquadrate. 

The two specimens were taken at Woods Holl, Mass., during 
the.latter part of July. They had the peculiar habit, noticed in 
canadetms by Dr. Geo. W. Taylor, of alighting on the leaves of 
low trees. 

The stripes of the four anterior tibiae show a twisting from the 
knee towards the front. In the male there is also a small basal 
stripe almost contiguous to the anterior side of the stripe on the 
hind tibiae. 

Inasmuch as Mr. Shuckard's three-line description of the 
color markings of pullatus can be applied with quite as much 
certainty to Oxybelus quadrinotatus or even to Eristalis tenax, it 
seems advisable at least to redescribe the present form under the 
name given. Mr. Wm. H. Ashmead writes that he has a speci- 
men of this rare wasp from Minnesota, which in consideration of 
the type-locality. North Carolina, shows a wide distribution for 
this species. The differences given in the table between pulla- 
tus and hollensis are not positively stated. The following are the 
North American species of Trigonalys from Mexico northwards. 



pullatus Schuckard, 


1841, 


N. Car., N. J., 


9.51 


miD. 


^ 


coitalis Cresson, 


1867, 


Mass., 


9. 




^ 


puUhellus Cresson, 


1867, 


W. Viiginia, 


8.8 




(T 


nevadensis Cresson, 


1879. 


Nevada, 


8.8 


" ^, 


? 


canadensis Harrington, 


1896, 


Victoria B. C. 


10.5 




9 


canadensis Harrington, 


1898, 


Gabriola Is., B.C. 


11.4 




^ 


sulcaius Davis, 


1897. 


New Jersey, 


7.. 




^ 


hollensis n. var., 


1900, 


Mass., 


II. 




^ 








8-5 




9 



PARNOPES. 
In 1874 Mr. F. Smith published the description of Parnopes 
chrysoprasina from North Carolina. Since that time no one has 
found this insect, though the fact that the species of this genus 
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are widely distributed is not to be doubted. But four North 
American species have hitherto been known, and these, with the 
two new species, may be readily identified by use of the follow- 
ing dichotomy : 

Pottscixtellum excised 2 

PottscQtellum entire edwardsii Cress. 

2. Flagellum black ; legs metallic ; tegulae green aglaspiefula^ sp. noT. 

Flagellum and legs reddish; tegulae in part testaceous 5 

3. Face and metapleurae bare 4 

Face and metapleune with siWery pubescence ; wings hjraline 5. 

4. More or less bronzed ; tibiae brown festitus Ckll. 

Green; tibiae with greenish tint ckrysopasina Smi\\i. 

5. Postscutellum black, wings hyaline ; abdomen green or bronzed ; 6.5 mm. 

westcottii tp. noT. 

Postscutellum fiiWous ; apex of wings somewhat infuscated ; abdomen bluish ; 9 

mm fuhncarnii Cam. 

Parkopes aglaspidula. sp. nov. 

Femali, — Length, 10 mm. Bright metallic blue-green. Rugosely- 
closely punctured. Nowhere densely pubescent, but with a few scattered 
white hairs, more closely placed on sides of posterior margins of abdominal 
segments. Antennae piceous, the scai>e with greenish reflections. Face 
above antennz smooth, excavated, with impression of an equilateral 
triangle the base of which lies between the bases of the antennae and from 
the ai>ex of which arises a vertical line passing nearly one half way to the 
anterior ocellus. In P, tdwardsii Xhtrt is no such sculpturing. Occipital 
punctures confluent. Mandibles rather robust ; black, except for piceous 
central space. Clypeus concolorous with face, its black apical margin 
truncate and devoid of hair. Proboscis reaching to first abdominal seg- 
ment. Thorax with larger punctures than head, the punctures becoming 
stronger posteriorly. The median prothoracic impression is almost obliter- 
ated, as are also the parapsidal grooves. Between the parapsidal grooves 
the thorax is almost black, likewise the scutellum and postscutellum. 
Postscutellum with a narrow incision extending about one third the distance 
into the disc, its sides straight in one specimen and bowed outwardly in 
the other. Tegulae narrow, wholly blue-green, with less strongly-marked 
punctures than thorax. Metathoracic angles prominent, with reticulate 
markings. Abdominal segments violet-blue on anterior and posterior 
margins, green in middle portion ; with no apically depressed bands : 
apical segment with a median carina terminating anteriorly in a narrow, 
smooth space and posteriorly separating the two subapical oblique grooves, 
the margin denticulate, with the stronger teeth, about fourteen in number, 
in a middle series. Venter piceous. smooth. Legs concolorous with body, 
though gradually lighter in color towards end : knees, apices of tibiz. aod 
tarsi lighter. Wings infuscated, the veins piceous. 
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The two females from which the foregoing description was 

made were taken in Illinois, one in 1897 at Chicago, and the 

other on August 16, 1899, at Meredosia, in central Illinois, 

where the fauna and flora are decidedly southern. This is a very 

distinct species. 

Parnopes westcottii, sp. nov. 

Male, — Length, 7 mm. Bright metallic green varied with coppery re- 
flections. Rugosely punctured. Covered with silvery pubescence as fol- 
lows : face as far as anterior ocellus densely ; metapleurae densely ; sides of 
scutellum and of postscutellum densely ; tegulae sparsely ; suture between 
prothorax and metathorax sparsely ; posterior portions of abdominal seg- 
ments sparsely, but more densely at the sides ; and distal portions of the 
legs moderately. A few scattered hairs are present on the occiput, 
thoracic dorsum, coxae, and femora. Punctures rather irregularly placed, 
stronger on thorax than on abdomen, confluent behind the ocelli, where 
they are radially arranged, the rows diverging anteriorly. Antennae with 
the scape piceous and flagellum yellowish. Clypeus emarginate, although 
not so strongly as vafestitus^ yellowish at apex. Mandibles rufous, metal- 
lic green at base -and black at tip. Proboscis reaching back to the middle 
of the first abdominal segment. Thorax green, with bronze tint, especially 
when viewed from in front. Prothorax with a rather well-marked median 
impression. Tegulae broad, yellow, disc darker, sparsely punctured. Be- 
tween the parapsidal grooves the mesonotum is less brilliant. Scutellum 
and postscutellum piceous, more strongly punctured than the rest of the 
thorax. Postscutellum excised to nearly its middle, the sinus rounded at 
the bottom and with a width of about 70 degrees. Sides of postscutellum 
slightly rounded outwardly. Abdominal segments blue at anterior margin, 
varying through green and cupreous to piceous on posterior depressed 
third. This depressed portion is provided with much smaller and confluen, 
punctures, and with the white pubescence parted on the median line. Fourth 
segment with two wide subapical oblique grooves separated posteriorly, 
beyond which it is fulvous : its apical margin denticulate, with seventeen 
teeth in upper rows, below which is a series of lighter colored and more 
pronounced teeth, the apical two of which are almost spiniform. Venter 
shining, uniformly fulvous. Legs fulvous, excepting the metallic green 
coxae and femora. The trochanters, knees, and upper surface of anterior 
femora are lighter. Wings hyaline, the nervures testaceous. 

Female. — Length, 6.5 mm. Differs from male as follows: Color, a 
stronger green, with less of the cupreous reflections. Face broader. Scape 
of antennae with greenish tinge. Clypeus not so evidently emarginate, 
black. Mandibles black except rufous spot in middle. Proboscis reaching 
as far as last abdominal segment. Occipital punctures not radially ar- 
ranged. Sides of postscutellum, straight. Apical depressed bands of 
abdominal segments much narrower. The third segment (apical) has 
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narrower, shorter, and more oblique, subapical grooves nearer the tip of 
the segment, its apex with less of the fulvous color. The upper apical 
teeth less stronger pronounced than in male, lower ones more pronounced. 
Venter piccous. 

This interesting little species, the smallest North American 
representative of the genus is described from two specimens, the 
male, taken in California, during August, by Dr. O. S. Westcott 
and the female during last June at Galveston, Texas, by our- 
selves. It is not probable that the two sexes represent different 
species, for the arrangement of the teeth of the apical abdominal 
segment is not constant in Parnopcs. The difference in coloration 
seems largely due to the age of the specimens. The male speci- 
men seems not to be so fully chitinized as the other. 

The nearest congener of this species is fulvicornis, from Pre- 
sidio, Mexico. It is readily distinguished by the tabulated dif- 
ferences. A specimen from Washington, in the collection of the 
American Entomological Society seems referable to this species. 

PSAM.MOPHILA Dahlbom. 

The genus Psammophila, established by Dahlbom, in 1842, is 
now represented by at least six species from America, north of 
Mexico ; and possibly by another species (xnolaceipcnnis) which 
was described by St. Fargeau as American. As the species was 
from Pennsylvania and has not since been recognized, it seems 
quite possible that the type was not from America. From his 
description it is no doubt a Psammophila and has been included 
in the table. 

Amtnophila collaris Cresson, which has been referred to Psam- 
vwphila docs not belong there ; it is a true Ammophila, 

The following dichotomy will serve to separate the species : 

Body wholly hUck 3 

Abdomen more or \^ys ferruginous 2 

2. IHil>escence of th<»rax wholly Mack 4 

I*ubescence of (horai more or less (;rmy or white 5 

3. Face and clypeus without iiilvery pile, body poliithed, 3 luctuoia Sm. 

Face andcly|»eut siWery pilose, Unly more or \t%s silvery pollinose. 

4 argfntiffons Oeu. 

4. Ah<lomen entirely ferni^inou% mandihle^ wholly black I vaMa CreM. 

AI>domen in p.irt blaik 6 

5. IViiole %hort, nt»t exierxiini; l>r)ond |M>sterior tn»chanters, Mout ffHrcie^, 

22 mm 2 ^cssa Cresi., ^. 
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Petiole much longer, smaller and more slender species 8 

6. *' Wings black, violaceous, dilated part of petiole, second abdominal segment, and 

anterior border of third, ferruginous'* 7 violaceipennis St. Farg. 

Wings much lighter, petiole black 7 

7. Petiole short, not extending beyond posterior trochanters, stout species. 

2 grossa Cress. , 9 • 
Petiole extending far beyond trochanters, slender species. 

5 communis Cress. , ^ , 9 • 

8. Third submarginal cell small, barrel -shaped, eyes strongly convergent below. 

t pacificay sp. nov. 

Third submarginal not barrel -shaped, eyes only slightly convergent, pubescence 

often dark 6 communis Cress, , $ , 

PsAMMOPHiLA GROSSA Cresson. 

MaU, — Length, 22-24 ni^i* Wholly black, except ferruginous band on 
mandibles ; second abdominal segment below ; and narrow bands on third 
and fourth segments anteriorly above, dilating on the sides and coalescent 
below ; ferruginous ; so that second to sixth ventral segments are ferrugi- 
nous. The dorsal segments also show faint ferruginous bands posteriorly 
on second to sixth segments, diminishing posteriorly ; while in one specimen 
the black is considerably reduced, until the second and third segments are 
almost wholly ferruginous. Clypeus and face to considerably above an- 
tennae silvery pubesent. Head, thorax and coxae bearing long cinereous 
hairs. Legs white poUinose in certain lights and abdomen slightly so. 
Clypeus subtruncate, narrowly margined and not dentate ; flat below, 
slightly convex above. Antennae slightly attenuated toward tip, the apical 
eight joints each with a sharp carina inwardly. Head very sparsely arid 
rather coarsely punctured. Dorsulum more densely and coarsely punc- 
tured. Mesothorax with a short sharp groove anteriorly. Mesopleurae 
more densely and coarsely punctate. Metathorax obliquely aciculate on 
the sides, rugose reticulate dorsally, Legs and abdomen very stout, legs 
with black spines. Wings light brown, with a violaceous tinge, darker on 
exterior border. Third submarginal cell oblique, narrowed above. Second 
submarginal cell receiving the recurrent nervures just before the middle and 
apex. 

Described from two specimens collected at Austin, Texas, 
during May, 1900. 

Although the males differ by their white pubescence from the 
female described by Cresson, there seems to be no doubt as to 
their identity, as most specimens of communis present the same 
white pubescence in the males and not in the females. Other 
specimens of communis $ collected in Illinois have the pubes- 
cence wholly or partially black. 
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PSAMMOPHILA PACIFICA, Sp. nOV. 

^f^lU. — Length, 12 mm. Black shining, first, second and third abdom- 
inal segments bright ferruginous. Clothed with very long pubescence which 
is white upon the thorax and mixed with black upon the head, espe- 
cially upon the vertex and face. Head sparsely punctate except around 
ocelli where it is smooth. Antennz black, slender, moderately long. 
Face and clypeus to above antennae silvery pubescent. Clypeus broadly 
subtruncate. Mandibles indistinctly annulate with ferruginous. Eyes 
strongly convergent below, reaching nearly to base of mandibles. Pro- 
thorax and mesonotum sparsely coarsely punctured. Pleurae and sides of 
metathorax coarsely and densely punctured. Scutellum strongly longi- 
tudinally aciculate, the grooves widening out posteriorly to form a row of 
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pits along the {msterior margin. Posterior face of metathorax finely trans- 
versely aciculate. Coxsc black, clothed with long white hairs which also 
extend to bases of femora. Tarsi slightly tinged with fuscous, thinly white 
pollinose. Abdominal petiole black, white pilose anteriorly. Abdomen 
very slender, first, second and third segments bright ferruginous, remainder 
shining black. External genital organs fuscous. Their lamellae with 
several stiff bristles interiorly and a brush of hairs externally. Anterior 
wings hyaline, brownish at tip. posterior one hyaline. Marginal cell ex- 
tending far beyond third submarginal cell, which is less than half as large 
as the second and barrel -shaped. 

Described from a male specimen collected by Miss Rose Patter- 
son at Pacific Grove. California, July 9, 1897. 

This species may be readily recojjnized by the venation of the 
wings, the strongly convergent eyes, white pubescence and very 
slender form. 

1. /'. ftf/ff/a Cress. 

2. P. groita Cress. 

3. /'. lu(tuoia Sm. 

4. P. Argeniifrom Cres*. 

5. P. KC>mmmnii Cross. 

6. /'. ^.t.ifi.tt, sji. n'»T. 

7. P {■ ) ti,:t,rt/rnmit Si. Farj;. 



21 mm. 


Colo. 




22-24 mm- 


Texts. 




17 mm. 


V S. 




I3>l$ mm. 


Colo., N. Me«. 




12.5-18 mm. 


Colo., 111.. N. Mex., 


Mass 


12 mm. 


(•I. 




21 mm. 


Philadelphia. Pa. 





THE ACCESSORY CHROMOSOME— SEX DETERMI- 
NANT? 

C. E. McCLUNG. 

Part I. Observations and Comparisons. 

The peculiar chromatic element discussed under this name in 
several recent papers is one that gives promise of throwing con- 
siderable light upon the nature of the chromosomes. So long 
as all chromosomes of the nucleus were observed to pass 
through a cycle of changes apparently identical in each case, 
there was little chance to gain an insight into their interrelations. 
With the discovery of the accessory chromosome and the recog- 
nition of its true chromosomic character, however, there has 
been offered an opportunity to draw comparisons and so to formu- 
late conclusions which, in time, are certain to materially increase 
our knowledge of these most important nuclear structures. 

In recognition of this fact, and with the hope of hastening such 
a desirable end, I have devoted some time to the study of the 
accessory chromosome and have also encouraged students in my 
laboratory to direct their attention to it. Much material has 
been collected, and is still being accumulated, in order that as 
broad a view of the subject as possible could be obtained. 

Since, however, the difficulties involved in securing and prepar- 
ing material from widely different forms would unduly delay the 
attainment of any comparative results, I have confined my stud- 
ies largely to the Orthoptera. This has been done in the belief 
that more substantial good can be derived from a thorough knowl- 
edge of a limited group than from a superficial acquaintance 
with a wider field. Once the basic principles underlying the cel- 
lular phenomena of one group are discovered, their recognition 
in other forms will be rendered much easier. 

As a result of the studies so far pursued, it has been found 
that individual forms rarely present all the details of a problem 
equally well. Different species excel in the clearness with 
which certain points are brought out. A feature obscure in one 
species will appear distinct enough in another while for the elu- 
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cidation of other structural peculiarities the relations might be re- 
versed. By studying, therefore, an extensive collection of nearly 
related forms, it is possible to draw a composite outline of a proc- 
ess which will be found applicable in its main features to all the 
members of the group concerned. 

This fact is taken advantage of in the series of studies upon 
insect spermatogenesis now being pursued by myself and stu- 
dents. Instead of taking one species and endeavoring immedi- 
ately to make out the entire series of processes which character- 
ize its spermatogenesis, we have considered restricted questions, 
and have chosen such species as would offer the best facili- 
ties for answering these. Thus, in the case of the accessory 
chromosome, it has been found advantageous to trace its course 
through the spermatogonial divisions in Brachystola, and through 
the spermatocyte changes in Hippiscus, Probably the sper- 
matid transformations will demand another form for their best 
exemplification. 

The danger involved in such a method is the liability which it 
offers toward accumulating a series of observations upon excep- 
tional or strongly modified types. This has been guarded 
against, as far as possible, by verifying the appearances of one 
form by those manifested in others. While the work thus far 
done indicates considerable variations in the details of the different 
processes, it does not seem to suggest any wide deviations from 
general principles, so that the danger of error in the direction 
of exceptional instances would not appear to be great. 

A recognition of the accessory chromosome as such is of very 
recent date and the literature upon it is therefore not very exten- 
sive. And while its chromosomic character has, in a number of 
instances, been appreciated and even its participation in the su- 
preme division act of the chromosomes in the metaphase noted, 
the mere resemblance in general features to the nucleoli has suf- 
ficed to caused its inclusion in the group of these questionable 
bodies. A majority of the references to it will accordingly be 
found in the literature devoted to a consideration of the nucleoli, 
and in only a few cases will it be found discussed as a chromo- 
some. 

On account of the scantiness of the literature, it has t>een 
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thought advisable to give here all the probable references to the 
accessory chromosome in the language of the different authors. 
It may be possible thus to unify the conflicting opinions regarding 
the essential features and to leave the field clear for a discussion 
of the more involved points. Also, in furtherance of the plan 
previously mentioned of confining the question to a limited area, 
only the references to insects will be discussed in detail. By 
this restriction, however, very little material will be excluded 
since most of the work has been done upon insect testes. 

In the following paragraphs will be found all the references — 
in the literature at my command — ^to structures which I regard 
as possibly identical with the accessory chromosome. These 
will be given chronologically and finally compared and com- 
mented upon. 

M. The work of Platner ('86) upon the Lepidoptera unfortu- 
nately sheds no light upon the nature of the accessory chromo- 
some in that order of insects. Only casual mention is made of 
the nucleolus and the references do not enable us to gain much 
insight into its character. The following quotations embrace the 
principal references : *' An letztern Punkten haben auch die Nu- 
cleolen ihre Lage. Diese erscheinen selten in der Einzahl, meist 
findet man deren zwei. Sie sind von ziemlicher Grosse, farben 
sich starker und zeigen eine kugelige Form ; doch geben meist 
die von alien Seiten an sie herantretenden Kernfaden ihnen ein 
unregelmassiges zackiges Ansehen." 

2. ** Diese (Elemente) farben sich gleichmassig stark mit Saf- 
ranin und zeigen nicht nur in ihren Dimensionen sondern auch 
hinsichtlich ihrer Zahl grosse Schwankungen. Unter ihnen be- 
finden sich auch die Nucleoli." 

3. Henking (*90) finds in the spermatogonia of Pyrrhocoris, in 
preparations fixed with picro-acetic acid, a nucleolus which is not 
apparent in those preserved with Flemming's fluid. It appears 
rounded and of some size, and retains a yellow color while the 
chromatin stains dark red with carmine. It is observed occasion- 
ally to have divided. 

4. Concerning the ** nucleolus" of the first spermatocyte, 
Henking has this to say : '* Vor allem auffallig ist es an diesem 
Zellen dass ein grosser Nucleolus zur Ausbildung gekommen 
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ist. Derselbe tritt bei den verschiedensten Konservirungsme- 
thoden stets sharf hcrvor. . . . Erscheint dcr Nucleolus der 
jungsten Hodenzellen bei der gcnannten Methode farblos, so 
nimmt er nun begierig Farbe auf, ein Verhalten, welches ganz 
regelmassig ist und vielfach von den beiderseidgen Nucleolus auf 
dem gleichen Schnitte beobachtet werden kann." 

5. The position of the nucleolus is referred to as follows : " In 
einer Bucht an der Oberflache der Chromatinkiigelchen liegt der 
Nucleolus eingesenkt." 

6. Regarding the constancy of appearance exhibited by this 
element, he says: **Allein der Nucleolus hat bei den Verander- 
ungen von Kern und Zelle sein Aussehen nicht gewechselt. Er 
liegt noch wie zu Anfang als rundlicher Korper dem Rande des 
Kernes angenahert, . . . Der Nucleolus behalt seine Kugel- 
gestalt unverandert bei, wahrend die Chromosomen gewissermas- 
sen Pseudopodien aussenden und sich so zu einem Netz verein- 
igen. Der Nucleolus bietet seinerseits den Pseudopodien keine 
Ansatzflaschen und bleibt daher isolirt." 

7. Zur Zeit der zusammenballung der Chromatinmassen ist er 
durch seine betrachtlicher Grosse immer noch leicht zu sehn und 
seine Kugelform macht ihn kenntlich wenn die Chromosomen 
durch Zusammenfliessen des Chromatins an Volumen ihn zu 
uberragen beginnen. Wenn dann aber die Auflockerung des 
centralen Haufens anhebt, tritt eine Verkiirtzung der Chromo- 
somen ein, wodurch dieselben ihm immer ahnlicher werden. 
Schliesslich ist er nicht mehr mit Sicherheit heranzufinden. 
Dafiir das er ganzlich ruckgebildet wird habe ich gar keine 
Andeutung erhalten. Er ist so lange in voller Ausbildung deutUch 
zu erkennen, als ihn seine characteristiche Gestalt vor einer Ver- 
wechselung mit anderen Gebildung schutzt. Allerdings mussen 
wir annehmen das er spaterhin eine Einschnurung erfahrt da auf 
einem definitiven Stadium alle Chromosomen eine gleiche Form 
besitzen. 

8. Having thus traced his *' Nucleolus " up to its final disap- 
pearance among the group of chromosomes in the first sperma* 
tocyte, Henking leaves it and goes on to a consideration of the 
division of these elements. He notes here the peculiar character 
and behavior of one " pair " of chromosomes which is noticeable 
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on account of its deep staining power and inertia during division. 
This latter is so strong as to cause it to remain undivided in the 
second spermatocyte mitosis, and so to pass into only one of the 
two resulting spermatids. It is, therefore, as the " Doppelelement 
x" instead of the " Nucleolus «." that we trace its further 
history. 

9. After an extended discussion of the subject, embracing an 
account of the delayed division of the unusual chromosome of 
the first spermatocyte mitosis and its later behavior, Henking 
sums up his conclusions in the following words : ** Demnach 
glaube ich sagen zu diirfen : Bei der letzen Theilung der Sper- 
matocyten wird das Chromatin ungleich getheilt, derart, das die 
eine Spermatide nur 1 1 Chromosomen erhalt, die andere dagegen 
ausser den 1 1 Schwesterchromosomen noch ein ungetheilt blei- 
bendes Chromatinelement." 

10. With respect to the further behavior of this latter element, 
Henking observes that *' Nur das isolirt Korperchen halt s.ich 
davon entfernt, tritt nicht in so einige Beriihrung mit den 1 1 
Chromosomen." 

11. Under the treatment of the spermatid transformations, 
Henking discusses the participation of his '' isolirt Einzelele- 
ment '* in the following language : " Von der allgemeinen Ver- 
theilung halt sich nur das isolirt Einzelelement zuruck, welches 
bei der letzten Halbirung der Spermatocyten ungetheilt in die eine 
Tochterzellen iibergegangen war. Es sind somit die, wenn wir 
so wollen, bevorzug^en Tochterzellen auch jetzt immer noch zu 
erkennen. 

12. His final opinion of the element is expressed in the fol- 
lowing quotations: ''Ich glaube, ein jeder unbefangene Beo- 
bachter wird mit mir diesen runden von dem iibrigen Chromatin 
scharf unterschiedenen Korper fur das Kernkorperchen ansehen. 
Damit ergiebt sich aber die wichtige Thatsache, doss wir zweierlei 
Spertnatozoen erhalten : die einen besitzen einen Nucleolus^ die 
anderen nicht'' 

13. In the summary of his results, he expresses the same 
thoughts in slightly different language. He says : " Es sind 
zwei verschiedenwerthige Arten von normalen Samenfaden vor- 
handen. Die einen enthalten nur 1 1 chromatische elemente, die 
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andern ausscr 1 1 chromatischen Elementen auch noch cin ein- 
zelnes zuletzt ungetheilt gebliebenes Chromatinelement, welches 
wahrscheinlich als Nucleolus anzusehn ist." 

14. The investigations of Toyama ('94) upon Bombyx and 
several other Lepidoptera, like those of Platncr, do not afford us 
any very definite idea of the accessory chromosome in this order. 
Several references to nucleoli are made, however, and these I 
will quote : 

15. '* The nucleolus (first spermatocyte), lying either in the 
chromatin mass or outside of it, persists, as is unusual in skein 
stages of other animals, till to the end of the skein stage shortly 
to be described. . . . The nucleolus, however, shows no change 
from the first resting stage till the present stage, and always con- 
sists of small chromatic granules imbedded in a less stainable 
matrix. 

16. ** In a still later stage the chromatin granules again com- 
mence to separate from one another, and the nucleus again pre- 
sents the appearance shown in Figs. 31 and 'is^. In most cases 
two nucleoli are found in the nucleus of this stage. These grad- 
ually migrate toward the periphery of the nucleus facing the 
center of the cyste (rarely, facing the wall of the cystc) and are 
finally pushed out into the cytoplasm one after the other through 
the nuclear wall at this point. Placed in the cytoplasm the 
nucleoli seem to change their quality, since they now stain dif- 
fei*ently from what they did when they were in the nucleus. This 
is shown by the use of Hermann's triple staining, by which the 
nucleolus in the cytoplasm takes a brownish color, while it 
colors deep red so long as it is within the nucleus. The further 
fate of the nucleoli in the cytoplasm is not known. 

17. •* In this stage I have not found any nucleolus in the 
* Kernplatte,' while Ilenking observed it in a spermatocyte of 
Pyrrhocoris aptcrus. ' * 

18. Wilcox (*95) in his studies upon Caloptcnus fentur-ruhrum 
and Cicada tibictn finds peculiar nucleolar structures which will 
be found descrilK'd in the following excerpts : 

19. "Cytoplasm and achromatic nuclear parts were stained 
green, the chromo.somes. nucleolus, and centrosomos red (safranin 
and victoria-green). ... In some stages the chromosomes were 
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Stained green, indicating that a chemical change takes place in 
the chromatic substance. But even in such cases the nucleolus 
was bright red. ... By this method (Henneguy's) the chromo- 
somes and nucleoli are stained bright red, the individual chromo- 
somes being sharply outlined. . . . During the stages shown 
in Figs. 49, 51,52 (spermatocytes of Cicada), there appears to be 
a chemical change in the constitution of the chromosomes. By 
the safranin and victoria-green method the chromosomes stain 
red, though not so deeply as the nucleoli. At later stages the 
chromosomes assume a green color, while the nucleoli continue 
to stain red. In still later stages the chromosomes again take 
the red. 

20. ** One or often two nucleoli are to be seen (spermatogonia 
of Cicada), , . . The cells of b (a spermatocyte cyst) each 
contain one or two bodies which I consider nucleoli, since 
they react to the stains quite differently from the chromo- 
somes. . . . The nucleolus then moves to the periphery of the 
nucleus, and appears meantime to have divided into two portions, 
one of which passes into the cytoplasm, while the other remains 
in the nucleus ; later, both parts appear outside the nucleus and 
on diametrically opposite sides of it." 

21. With this incomplete account, the nucleolus is left by 
Wilcox. But in a subsequent paper ('96) he takes up the later 
history of the element and carries it into the spermatozoon. Two 
paragraphs will give his conclusions. 

22. *' The body which appears in the vacuole of the nucleus is 
rather problematical, both as to its origin and its fate. It ap- 
pears usually as a rod of deeply staining substance, whose longest 
axis is m the long axis of the vacuole ; but the rod may have the 
form of a crescent. 

23. "The tentative conclusion to which I have come with re- 
gard to this body is, that it represents the nucleolar substance of 
the nucleus of the spermatid, and that it subsequently passes into 
the mass of chromatin, with which it becomes homogeneously 
mingled. My evidence for this is as follows : Very soon after 
the second division of the spermatocytes a body is seen in the 
nucleus. It (cres.) lies at first among the chromatic granules of 
the nucleus, but is distinguishable from any of the latter by its 
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greater size and deeper color. Then it comes to lie in the vacuole 
of the nucleus. At length, what I consider its remains are found 
for some time faintly discernible in the chromatic mass of the 
head of the immature spermatozoon. In later stages this body 
is not to be distinguished from the rest of the chromatic mass. 
I was at first inclined to believe that this body allied itself with 
the centrosome to help in forming the neck-body, but was soon 
convinced that this is not true, because I observed that the two 
parts of the centrosome and this problematical body exist at the 
same time in the same spermatid. In Figs. 90, 92, and 106 the 
body in question is seen in contact with the chromatic mass, and 
in Figs. 103, 104, it is nearly included in the chromatic cres- 
cent. Later, as already indicated, it becomes indistinguishable 
from the rest of the head of the s[x.Tmatozoon. Accordingly, I 
am unable to determine whether or not it forms any definitely 
limited portion of the head." 

24. While Henking was the first to discover the unusual be- 
havior of a ** nucleolus" in the spermatocyte which, in all of its 
manifestations but one, corresponds to an ordinary chromosome, 
Montgomery ('98) deserves the credit for observing that this 
body is merely a chromosome of the spermatogonia that pursues 
a somewhat different course from the others. Unfortunately, 
however, his interest in nucleolar structure led him to denomi- 
nate it, with Henking, a nucleolus and it is accordingly under the 
name *• chromatin nucleolus " that we shall trace its history 
through the spermatocytes of Euchistus. 

25. The persistence of a color reaction in this element that is 
characteristic of chromosomes in the met<iphase first attracts 
Montgomery's .ittention. He states in regard to this that ** in 
each nucleus, from the commencement of the anaphase on, one 
of the chromosomes still retains the red st.iin characteristic of all 
of them in the immediately preceding {KTiod, and this particular 
clement is destined to become the chromatin-nucleolus, the meta- 
morphosis of which will Ix! described later." 

26. Subse(]uently he discusses the chromatin nucleolus at 
some length and from this jwrt of his {>ai>er I will quote |>assages 
bearing upon its name, staining reaction, form, Ix'havior. final dis- 
position, and function. He .says : 
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27. " To return to the chromatin nucleolus. I give this name 
in order to express its genetic origin, and to distinguish it from 
the true nucleolus ; it differs also from the " karyosomes *' found 
in many cells, which are nothing more than temporarily thick- 
ened portions of the chromatin reticulum. . . . But when the 
chromosomes have become more or less elongated, all of them 
stain violet (with increasing intensity of color), except one, which 
remains red (saffranine), and by strong light may be easily dis- 
tinguished from the other chromosomes. This one is the chro- 
matin nucleolus, characteristic for the spermatocytes. At least 
one whole chromosome becomes thus metamorphosed ; and it is 
very probable, judging from my observations, that only one be- 
comes thus changed. This chromatin nucleolus retains in all 
stages up to the formation of the spermatids its red coloration 
after the use of Hermann's double stain, and so can be easily dis- 
tinguished from the true nucleolus as well as from the chromatin 
of the rest stage and anaphase. 

28. " The chromatin nucleolus appears to undergo the same 
changes of form as do the other chromosomes, up to about the 
synapsis. Then it ceases to elongate, and in the post synapsis 
gradually commences to assume a spherical form, which is char- 
acteristic for it during the telophase and the rest. When it may 
first be distinguished in the early anaphase, and also during the 
synapsis, it lies within the nuclear cavity, not in contact with the 
nuclear membrane ; but at the end of the synapsis it gradually 
takes up a more peripheral position, so that usually during the 
synapsis, and always in the telophase and rest, it is closely ap- 
posed to the nuclear membrane. . . . But in most cells in the 
synapsis it occurs in the nuclear cavity apart from the chromo- 
somes. In such cases it is found to be usually rod-shaped, often 
more or less curved, occasionally even lobular ; but so great is 
its irregularity in form, that in no two cases does it have exactly 
the same shape. . . . Afterwards it either gradually shortens up 
into the ultimate spherical form, or first becomes constricted at 
one or more points on its surface, showing then a more or less 
beaded appearance, and then, by division at these points, breaks 
into a number of unequal fragments, each of the latter sub- 
sequently rounding off. . . . But it is most probable that at first 
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only a single one is present, /. t., that only one chromosome's 
comes changed into a chromatin nuclcol us : for in the synapsis, 
when it may best be distinguished from the chromosomes, I have 
never seen more than one long chromatin nucleolus. From the 
synapsis on, the surface of the chromatin nucleolus gradually be- 
comes smooth, so that its process of rounding off may be re- 
garded as a mode of concentration of its substance. It finally 
becomes homogeneous, quite different from the microsomal 
chromosomes. 

29. " These phenomena show us the remarkable process of 
the casting off of an entire chromosome, which is itself possibly 
a mode of chromatin reduction ; and in the two spermatocytic 
divisions we shall find that tlie chromatin nucleolus does not 
again become a chromosome. . . . There arc only two other 
thinkable modes of origin of the chromatin nucleolus : i) that it 
be cxtranuclcar in origin, or 3) that it be a secretion of the 
chromatin. 

30. " In the spermatocytes of Harpalm a chromatin nucleolus 
has been seen by me, besides the true nucleolus ; and judging 
from the observations of authors on various objects it would seem 
that such a structure is generally characteristic of spermatocytes. 
Thus Moore ('9;) found in Klaimobranchs about the beginning 
of the synapsis, ' a curious secondary nucleolus surrounded by a 
vacuole, which, so far as I can ascertain, is in these fishes char- 
actcrtstic of this change.' 

31. "Thus the true nucleolus passes from the periphery 
toward the center of the nucleus, the chromatin nucleolus in the 
reverse direction. 

32. " The chromatin nucleolus lies now in contact with the 
nuclear membrane, and is rounded with the exception of that 
side flattened against the nuclear membrane. 

33. " In the early propliascs the chromatin nucleolus becomes 
rounded, but at first retains its central clearer globule. At the 
loose spireme stage it commences to grow smaller, at the same 
time losing the central globule. . . . The decrease in size con- 
tinues until the end of the loose spirem, when a dimension is at- 
tuned which is approximately uniform for the chromatin nucleoli 
of all cells ; one or more of the smaller bodies, which arose as 
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fragments of the original chromatin nucleolus, may still be seen 
in the nucleus, and often up to the monaster stage. At the time 
when the chromosomes have attained their definitive form, it 
usually becomes likewise elongated and dumb-bell-shaped ; in 
the majority of cases it appears to assume this form before the 
nuclear membrane disappears. Thus it looks like a diminutive 
chromosome among larger ones. As the true chromosomes now 
stain with saiTranine it likewise resembles them in coloration. 
This peculiar structure acted like a nucleolus in the rest stage, 
but in the monaster is destined to lie in the equator among the 
chromosomes, where it also becomes divided in metakinesis, 
and so terminates in acting like a chromosome, as at the com- 
mencement it has been formed from one. 

34. " In a few cases, so few that they must be considered 
abnormal, a whole undivided chromosome passes into a second 
spermatocyte, but I have met with only two or three such cases. 
Henking found in Pyrrhocaris and later in some other cases, that 
the second spermatocytes receive an unequal number of chro- 
mosomes, I. e,y that one of them may frequently if not usually 
receive a whole undivided chromosome ; either PyrrHocoris shows 
a marked peculiarity in this respect, or else Henking had mis- 
taken either a yolk globule or a chromatin nucleolus for an 
undivided chromosome. . . . Each second spermatocyte appears 
as a rule, if not always, to receive a half of the original chromatin 
nucleolus. 

35. *' The/ chromosomes and the chromatin nucleolus grad- 
ually become arranged in the equator of the spindle, their axis 
parallel to the latter, and the plane of their constrictions perpen- 
dicular to it. Then follows the metakinesis, with a consequent 
transverse (reduction) division of all the chromosomes, and 
apparently in most cases of the chromatin nucleolus, with the 
result that each daughter cell (spermatid) receives 7 daughter 
chromosomes and I daughter nucleolus." 

36. Paulmier ('99) records in his observations that " These in- 
teresting bodies (the small chromosomes) were first recognized 
in the equatorial plate of the sperfnatogone divisions in the form 
of two chromatin masses very much smaller than the chromo- 
somes and connected with them by chromatin bands. In the 
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resting spermatogones they appear as two rather indefinite bodies, 
staining with the chromatin stains, and apparently not breaking 
down to the same extent as the rest of the chromatin. During 
the period of spermatocyte growth they come to view again in 
the synapsis stage, as a single body. This body has at first an 
irregular shape, then it elongates, splits longitudinally, and again 
transversely, thus forming a tetrad in essentially the normal 
manner, though passing over many of the stages which the other 
tetrads go through. During these stages it shows a decided dif- 
ference in its staining reactions, taking at all times a deep black 
stain with h<xmatoxylin, while the rest of the chromatin is scat- 
tered irregularly and stains gray. It always lies close against 
the nuclear membrane. In the first spermatocyte division it lies 
in the center of the ring of chromosomes, and divides somewhat 
before the others. The two parts are connected with each other 
by two threads precisely as are the normal tetrads. 

37. ** In the second spermatocyte division it goes bodily over 
into one of the two daughter-nuclei without showing any traces 
of division, beyond a slight elongation due to the pull of oppos- 
ing spindle fibers. In a slightly later stage it again shows its 
difTerenco from the other chromosomes by retreating as far as 
possible from them. Soon the disintegrating force overtakes it, 
and it becomes indistinguishable from the others. 

38. *' I think that we may say without hesitation that this body 
is not a true nucleolus, a possibility precluded by its different 
staining reaction, the constancy of its occurrence, and by its 
division. We find also in addition to it a jK'rfectly normal, true 
nucleolus in both the resting spermatogones and spermatocytes. 

39. ** I agree with Henking that it is chromatin, and that the 
nuclear substance is thus divided unequally. This body is absent 
in one-half of the sjxjrmatozoa which nevertheless, as far as we 
know, produce normal descendants. I would make the sugges- 
tion that it is degenerating chromatin ; in other words, that these 
sm.ill chromosomes, or idants (to ado()t for the moment Weis- 
mann's terminology), contain •* ids " which represent somatic char- 
acters which belonged to the .s|>ccics in former times, but which 
characters are disapjKMring. The ** ids ** which represented these 
characters are much slower in disap{x:aring than the characters 
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themselves, and persist as the two small chromosomes of the 
spermatogones. These then undergo a pseudo-reduction and 
form a tetrad which is unable to complete the second sperma- 
tocyte division." 

40. My own early views concerning the accessory chromosome,, 
as manifested in the Locustidse, may be found expressed in the 
following quotations from my first paper ('99) upon the subject : 

41. "As it first appears in the spermatogonia of Xiphidiunt 
fasciatum, there would be no hesitation in calling it a nucleolus 

except for its unusual situation on the surface of the nuclear 
vesicle. It is a small, irregularly rounded body, and lies im- 
mediately under the nuclear membrane. Before the division 
figure is established, however, it takes on the form of a thread 
which becomes * U '-shaped. Still further contraction ensues, 
and by the time of the metaphase the thread has become very 
short and thick and is bent in the middle with an obtuse angle 
so as to resemble a boomerang. At this time, it may be ob- 
served lying at one side of the circle of chromosomes arranged 
in the equatorial plate, and plainly distinguishable from them by 
reason of its greater length. From the pole the chromatin ap- 
pears as a broad, fenestrated plate, and the accessory chromo- 
some is indistinguishable from the ordinary ones. Because of the 
rapidity of the division none of the anaphases are to be seen, but in 
the telophases the ordinary chromosomes of the cell may be 
seen grouped in the typical manner at the two ends of the spindle, 
while extending down towards the equatorial plate from each 
mass is a half of the boomerang-shaped body which has been 
divided longitudinally in the same manner as the ordinary 
chromosomes. 

42. *' In the resting stage of the spermatocyte that succeeds 
the appearance just described, the accessory chromosome again 
appears as it did in the resting stage of the spermatogonia, and 
would easily be taken for an ordinary nucleolus. Soon, how- 
ever, it commences to assume a thread-like form which finally 
results in the production of a long * U '-shaped body, a form that 
is retained during the greater part of the spireme stage. In this 
condition it lies at the surface of the vesicle and stains in its usual 
intense manner. Concurrently with the formation of the * rings ' 
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from the spireme thread, it commences to shorten and grows into 
the form of a horseshoe, and is finally to be distinguished from 
the chromatic rings only by its deeper staining quality and by 
the smoothness of its outlme. In the formation of the mitotic 
figure of the first spermatocyte division, it assumes its position on 
the outside of the group of chromosomes as it did in the sper- 
matogonia! division, and again has the boomerang shape that 
marked its appearance in the early figures. When the chromatin 
separates and moves to the two poles, the accessory chromosome 
divides longitudinally and presents the appearance of two horse- 
shoes with their rounded ends in contact. In the second sper- 
matocyte division apparently the same process is followed. 

43. ** The recently formed spermatids possess a nucleus in 
which the ordinary chromatin is extremely scant and very weak 
in staining power, while the accessory chromosome shows as 
prominently as ever and stains in the same uniform manner. It 
is not easy to trace out the part that the different elements of the 
nucleus take in the formation of the spermatozoon, but in the 
light of present knowledge it appears as if the accessory chro- 
mosome was prominently concerned in the formation of the head. 

44. " In seeking to {>oint out the features that characterize this 
peculiar nuclear element, perhaps the most striking thing to be 
noticed, is the almost uniform staining power exhibited. 

45. "Thus there seems to be no reason to suppose that the 
accessory chromosome of Xiphidium arises by the direct trans- 
formation of one of the ordinary ones, although such a change 
may be possible. This docs not argue against the chromatic 
origin of the body, however, for it is almost certainly modified 
chromatin, but in Xiphidium it arises during the resting stage and 
may represent derivative substance from one or all the chromo- 
somes." 

46. A lat'^r. more detailed, study of various members of the 
Acrididit (00) gave mc a much better insight into the nature of 
the accessory chromosome and the result of my observations 
upon its behavior during the .spermatocyte divisions are summa- 
rized in the following words : 

47 •• As a result of the last spermatogonial division, the much 
reduced daughter cells are each provided with the somatic num- 
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ber of chromosomes. All but one of these rapidly disintegrate 
and from their substance produce the spireme of the first sper- 
matocyte. One persists in its original form and, assuming a pe- 
ripheral position, continues to stain as does a chromosome of the 
metaphase. During metakinesis it is divided like other chromo- i 
somes. This is the accessory chromosome. 

48. '* The accessory chromosome is a constant and important 
element of the germ cell. It arises, in the Acrididse, from a ' 
spermatogonial chromosome, and from that time forward main- 
tains a separate and distinct existence. During the prophases, 
when occur the profound changes that result in the production 
of a nucleus with only half the ordinary number of chromo- 
somes, this structure stands aloof and self-contained. With the 
establishment of the mitotic figure of the first spermatocyte, how- 
ever, it takes its place with the other chromatic elements and be- 
comes indistinguishable from them henceforth until the spermatids 
are formed. Here it again becomes distinct and conspicuous." 

49. Up to the present time, we have learned nothing of the j^ 
real origin of the accessory chromosome. That it is one of the 
spermatogonial chromosomes that passes over into the sperma- 
tocytes without taking part in the formation of the spireme is 
pretty well established ; but as to the manner of its appearance 

in the spermatogonia, we have no knowledge. Sutton (*oo) is 
the only one who has traced the history of the element at all 
fully in the spermatogonia. Concerning its first appearance and 
its subsequent history in this generation of sex cells he says, " In 
Brachystola, the accessory chromosome appears probably in the 
first, and certainly in the third, secondary spermatogonial division, 
and goes through precisely the same changes in each cycle up 
to the last. 

50. **It may occasionally be distinguished from the other 
chromosomes in the metaphase and anaphases by its granularity 
and greater length, though it always divides like the others, and 
in the actual process of division, as a rule, is indistinguishable 
from them. In the telophase it constructs its own membrane 
just as the others do, but soon becomes sharply contrasted with 
them by the deposition of its chromatin in a diffused condition 
upon the inner surface of its vesicle (vesicular chromosome), and 
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also by the fact that from this point to the following metaphase 
the cavity of its vesicle remains distinct from that formed by all 
the others. In these stages the vesicle of the accessory chromo- 
some may lie on any portion of the nuclear membrane proper ; 
in some cases occupying a position between the * fingers * or 
sacculations of it (Fig. 34). This vesicular stage is of compara- 
tively long duration, and is followed by a receding of the chro- 
momeres from the membrane to form a chromatic rod, first loose, 
rough, and granular, but gradually growing more slender, and 
compact, and often becoming twisted (Fig. 16). It also betrays 
a longitudinal split at a stage later than that at which a similar 
occurrence is observable in the ordinary chromosomes. 

51. "From the middle proph.ises to the telophases, its con- 
duct is so similar to that of the other chromosomes that it would 
hardly be an error to speak of the cells of these stages as having 
two nuclei, one having a single chromosome and the other a 
large number, the small nucleus always lagging slightly behind 
the large one. This lagging of the accessory chromosome is 
nicely shown in Fig. 21, already alluded to. where in a stage 
just before the metaph<ise the nuclear membrane is seen to bedis. 
solved while that of the body in question is still intact. 

52. *' In the last or transformation division of the secondary 
spermatogonia, some differences are noticeable in the behavior of 
the element under consideration. The vesicular stage seems to 
be of slightly longer duration, and while, after its close, the same 
condensation of the chromatin takes place, no longitudinal .split 
appears until the late pro[)hascs or ' ring stage * of the S{Krma« 
tocyte ; and in the course of the earlier prophases of the growth 
period its vesicle gradually becomes fused with the nuclear mem- 
brane, its outer half completing the smooth contour of the latter, 
while its inner portion projects into the nuclear cavity. In this 
stage it has the appearance of an irregular vesicle filled with a 
homogeneous, darkly .st.iining liquid or semi-liquid body, sus- 
pended within the membrane of the nucleus. I^ter it again 
becomes granular, and in the first spermatocyte division divides 
as it did in the s])crmatogonia. 

53. •• The re.sting stage of this element, as shown by its staining 
violet with Flemming's three-color stain, is what I have called 
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the vesicular stage, and this only, since at all other times it stains 
a bright red. The absence of the formation of a spireme at any 
stage in the development of this element is paralleled by Henk- 
ing's description of the normal process in all the chromosomes in 
the spermatogonia of Pyrrhocoris, 

54. " Perhaps the most important thing to be gained at present 
from the knowledge of the behavior of the accessory chromo- 
some in Brachystola is the light which it throws upon the question 
of the individuality of the chromosomes. In the first place, the 
fact that it is a true chromosome, though different from the 
others, is shown by its staining reactions and by the parallelism 
between its development in the spermatogonia and that of its 
more generally recognized fellows. Although it shows a tend- 
ency to lag behind the other chromatic bodies, the only radical 
difference between the two is the absence of the loose spireme 
in the accessory, and this is paralleled, as shown above, by the 
normal process of all the chromosomes o{ Pyrrhocoris, according 
to the statement of Henking. The apparent radical difference in 
the case of the vesicular stage is, in reality, only a matter of 
degree, for it frequently happens that the ordinary chromosomes, 
in going into the diffused condition, leave a very appreciable 
hollow in their centers (Fig. 30). Apparently there is, for some 
reason, a necessity that the chromatic granules of the accessory 
come into closer relation with the cytoplasm than those of its 
mates, and the result is their deposition upon the vesicle itself — 
this vesiculation being really a substitute for the loose spireme so 
conspicuously lacking. 

55. " Now, if it be admitted that the body is a chromosome, 
inspection quickly shows us that it maintains throughout the 
spermatogonial divisions, as well as in those that follow, an indu- 
bitable independence, being enclosed, in all stages except those of 
actual division, in its own individual membrane. Having, then, 
one of the chromosomes which preserves its individuality in this 
way, and seeing the other chromosomes enclosed for a part of 
their development in similar individual vesicles, which only be- 
come intercommunicating by absorption of a part of their walls, 
have we not a right to suppose that at one time they too enjoyed 
the same independence as their more exclusive mate ? In other 
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words, have we not a right to suppose that their phylogeny is 
paralleled by their ontogeny? If this be granted, then we have 
at least more ground for belief in the individuality of the chromo- 
somes than if we had never known of a time when they were of 
necessity independent.*' 

56. Of interest in connection with the question of the general 
distribution of the accessory chromosome are the observations of 
Miss Wallace ('cx)) upon the male germ cells of the spiders. The 
general facts of the case are found in the following quotations 
from her preliminary paper : ** In this spider the peculiar chro- 
mosome is conspicuous in the late spcrmatogonic stages, and in 
the prophase of the first spermatocyte, its peripheral position in 
the nucleus making it easy to observe. Its origin in the sper- 
matogonia has not yet been traced, but a gradual change of form 
has been made out in the early stages and, suffice it to say here, 
that in all of them it appears to be double. 

57. ** In the monaster of the first spermatocyte the accessory 
chromosomes are easily distinguished from the others by their 
sharpness of outline, slightly greater affinity for staining reagents 
and above all by their eccentricity of position. They are always 
found on the periphery of the spindle and often near the pe- 
riphery of the cell. It is a curious fact that in the majority of 
cases both of these elements are found nearer one pole than the 
other." 

58. Regarding the unequal distribution of the accessory chro- 
mosome to the spermatozoa, she is unable to speak definitely. 
Her observations on this point are stated in the following words : 
** In the spider the position of the two chromosomes nearer one 
pole gives the impression that this unequal distribution occurs in 
the first spermatocyte division. One thing, however, opposes 
this interpretation and that is that in the monaster of the second 
spermatocyte division two elements are again found in eccentric 
position but of half the size of those found in the preceding cell- 
division. The position nearer one pole might mean merely de- 
layed distribution but there is not yet at hand sufficient data from 
which to draw a conclusion." 

59. In the latest edition of his work upon the cell, Wilson (*oo) 
takes cognizance of the investigations being pursued by insect 
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spermatologists and practically adopts Paulmier's views concern- 
ing the accessory chromosome. We find in his summary that 
" A comparison of the foregoing results indicates that the small 
tetrad (dyad) corresponds to the extra chromosome observed by 
Henking in Pyrrhocoris, and perhaps also to the * accessory chro- 
mosome ' of Xiphidium. Whether it corresponds to the * chro- 
matin nucleolus ' of Pentatoma is not yet clear. The most re- 
markable of these strange phenomena is the formation of the 
small tetrad, which seems to be a non-essential element, since it 
does not contribute to all the spermatozoa. Faulmier is inclined 
to ascribe to it a vestigial significance, regarding it as a degen- 
erating chromosomes which has lost its functional value, though 
still undergoing in some measure its original morphological trans- 
formation ; in this connection it should be pointed out that the 
spermatocyte nucleolus, from which it seems to be derived, is rep- 
resented in the spermatogonia by two such nucleoli, just as the 
single small tetrad is represented by two small chromosomes in 
the spermatogonia mitoses. The real meaning of the phenomena 
is, however, wholly conjectural." 

Because of the greater prominence of the element in the sper- 
matocytes, observations upon its occurrence and changes have 
been more numerous and accurate than in the case of the sper- 
matogonia. During the prophase of the first spermatocyte, 
particularly, the appearance of the element is so striking as to 
render its oversight impossible. Regarding the main features 
distinguishing it, there is a convincing agreement in all the pub- 
lished reports and these speak further for the morphological ex- 
clusiveness so plainly manifested by the element in the sper- 
matogonia. There are some slight discrepancies in the accounts 
of its very early appearance but concerning the later stages there 
appears to be no confusion. 

From the Hemiptera (T[ 27) and the Orthoptera (T[ 47), we 
learn that the chromosomes of the last secondary spermato- 
gonia, with the exception of one, break down rapidly into their 
constituent chromomeres and that these enter at once into the 
formation of a spireme — at first thin and fine but later coarse and 
granular. The exception to this process is the accessory chro- 
mosome. It is, in the beginning, somewhat irregular in outline 
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but quickly condenses its substance and becomes homogeneous, 
transparent, and sharply outlined. It early assumes a position 
upon the periphery of the forming nuclear vesicle and maintains 
this during all the prophase. Throughout this period, and the 
remaining stages of its existence, it persistently stains according 
to the reaction exhibited by chromosomes of the metaphase. It 
is thus, in both its chemical and physical properties, strikingly 
diflerent from the remainder of the chromatin. It may be said, 
therefore, that it is a chromosome of the previous generation (/. 
r., one formed from the spireme of that generation) which exists 
as such while its fellows pass through the prophase of another 
mitosis. 

So (ar as the first spermatocytes arc concerned, this is the 
only point at which the accessory chromosome differs from the 
others. When metakinesis occurs, all the chromatin elements 
divide at the same time and in the same way. The participation 
of the accessory chromosome in this act is generally conceded 
(If 33, 36, 47), but the exact process has not yet been observed 
because no form has been studied where the element stands 
out conspicuously enough to be noted. From the nature of the 
element, however, the only reasonable thing to expect would 
be that it should divide as it has done in all previous mitoses, 
I. r., longitudinally. 

With regard to the action of the accessory chromosome in the 
second spermatoc>'te mitosis, there arc two opinions. One is 
that it takes part with the ordinary chromosome in the act of 
division (^ 34), the other that it i)asses undivided into only one 
of the two resulting cells (T 9, 12, 13, 37). Examination of 
the literature shows that the weight of evidence, so far as obser- 
vations are concerned, supports the Litter view. In addition to 
this, the fact that it differs from the other chromosomes must be 
taken into account. When it divides in the first spermatocyte it 
has finished the entire act of sei>aration begun for it in the pro- 
phase where it was formed. It has no need, therefore, to divide 
in the second mitosis where the other chromosomes complete the 
sq>aration of the chromatids formed in the prophase of the first 
spermatocyte. Thus, when the origin of the element is taken 
into consideration, a phenomenon at first apparently inexplicable 
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according to the usual laws governing cellular activities is seen 
to be in strict accord with them. The variation from normal 
conditions is, accordingly, manifested by those chromosomes 
which emerge from the spireme of the first spermatocyte instead 
of by the one which fails to enter into it. 

At the completion of the second spermatocyte mitosis the ap- 
portionment of the chromatin to the germinal elements is accom- 
plished and the further changes in the spermatid would seem to 
indicate that there is no longer the necessity for the chromosomes 
to maintain their separate identities. This, because the chromatin 
first becomes diffuse and later condensed so as to form the head 
of the spermatozoon where there is no distinction of parts. In 
the spermatid where the accessory chromosome is present, there 
is no apparent difference in the behavior of the nuclear elements. 
The accessory chromosome runs the course of the ordinary 
chromosome and sooner or later becomes indistinguishable in the 
homogeneous mass of the spermatozoon head. 

It is, therefore, impossible to trace the location of the accessory 
chromosome to any portion of this nuclear mass. The fact is 
apparent enough, however, that it does remain a part of the 
nuclear contribution to the mature element (T[ 12, 13, 23, 37, 
43) and does not go to form a part of the archoplasmic deriva- 
tions as Wilcox was at first inclined to believe {% 23). The 
merging of the chromatin elements into one mass makes it im- 
possible to go further in the investigation of the accessory chro- 
mosome at this point. We can hope to know more about it 
only by learning its part in fertilization of the egg. As a result 
of the action of the accessory chromosome in one maturation 
mitosis, this fact, at any rate must be apparent, viz : that there 
are two kinds of spermatozoa ; those with the accessory chromo- 
some and those without. Beyond this is speculation only, but 
with accumulated observations on many forms it may not be long 
until we are able to reach a definite conclusion regarding the ex- 
act function of this well defined element. 

From the different observations, I hope (i) to bring out the 
essential features which characterize the accessory chromosome, 
(2) to show the extreme probability of its universal occurrence 
among insects, (3) to outline its history in the different cell gen- 
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erations of the testis, and (4) to suggest a theory in explanation 
of its function. 

Confirmation of the statement that most references to the ac- 
cessory chromosome would be found under discussions of nucle- 
olar structures has just been given in the quotations from various 
papers. When a reason is sought for the classification of such a 
purely chromosomic clement with this heterogeneous group of 
bodies it is difficult to find any that is sufficient. Interest in 
other problems has, perhaps, induced investigators to concen- 
trate their attention elsewhere and as a result the accessory chro- 
mosome has been assigned relationships entirely foreign to its 
true nature. 

I have, in previous papers ('99, *oo), given my reasons for re- 
garding it as a chromosome, so that I shall not have to go much 
into detail on this point. It would seem sufficient to show that 
the element is a chromosome of the spermatogonia (1 27, 41, 
47, 49-53*) and that it divides In a subsequent spermatocyte 
mitosis as a chromosome (H 33, 36, 42, 47, 48) in order to in- 
sure its classification as such. Yet in full recognition of these 
conditions Montgomery (1 27) calls it a nucleolus and insists 
(Tl 29) that it never again (/. r., in the spermatocytes) becomes 
a chromosome. While Henking fails to detect the origin of his 
•• nucleolus " from a chromosome of the spermatogonia he recog- 
nizes its chromatic character and its participation in the act of 
metakinesis and even occasionally calls it a " chromatinelement " 

(1 «3)- 

Wilcox (^ 19) is very careful to note the staining reaction 

of the nucleolus and that of the chromosomes. This he finds to 
be identical except in certain stages, and in these, it is the chro- 
mosomes proper that weaken in their affinity for the basic ani- 
lines while the ** nucleolus" consistently reacts to them with the 
true chromatin reaction. But in considering the " nucleoli " of 
the spermatocytes (^ 20) he regards them as such because 
•'they react to the stains quite differently from the chromosomes." 
Just in what respect this difference lies is not quite manifest from 
the text, but it is apparently in being uniform in staining instead 
of variable. 

In his early paper Wilcox ('95) docs not trace the final history 
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of the element so carefully as he does in a later one ('96). Here, 
even after more extended investigation, he is uncertain " both as 
to its origin and its fate " but inclines to the belief that it is 
"nucleolar substance" despite the fact that it does become 
" homogeneously mingled " with the chromatin. As will be 
noted (1 23), he was at first inclined to consider it related in 
some way to the centrosome, but as a result of more careful 
study decided that this was a mistake. 

In addition to noting the obvious staining reaction and pe- 
ripheral position of the element in the prophase of the sperma- 
tocyte, Paulmier also observed its behavior in the spermatogonia! 
divisions (^ 36) and subsequently in the different phases of the 
spermatocytes (1 37). As a result of a recognition of its very 
apparent chromosomic character he agrees with me in calling it 
a chromosome, but prefers to speak of it as the " small chro- 
mosome." I have already pointed out in a previous paper ('00)* 
my reasons for regarding this as a misnomer on account of its 
usually being larger than the other chromosomes so need not 
again refer to the subject. Thus, we have as a result of the latest 
and apparently most accurate wprk upon the Hemiptera, the his- 
tory of a small chromosome that puts it in almost complete 
agreement with the behavior of the accessory chromosome in the 
Orthoptera. 

From the preceding statements of different investigators, it will 
be apparent, I think, that there is in the spermatocytes of all in- 
sects so far studied an unusual nuclear element which is charac- 
terized (i) by a remarkable uniformity in staining power, similar 
to that exhibited by chromosomes in the metaphase ; (2) by a 
continuous peripheral position during the spireme stage, at least ; 
(3) by an isolation from the chromatin reticulum and nonpartici- 
pation in its changes ; and (4) by fission during metakinesis after 
the manner of chromosomes. In addition to these features which 
have generally been recognized, there are others which material 
of exceptionally good character has rendered apparent to several 
observers. Of these I wish to speak later but desire here only 

* ^ 3» P' 85 ; latter part off 3, p. 86 ; and 1[ 5, p. 89 ; were attached to the proof 
as footnotes but were included by the printer in the body of the article. It thus 
happens that on page 89 a reference to Paulmier' s last paper ('99) appears before a 
criticism of his earlier one ('98). 
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to show the great probability of the general distribution of the 
structure among insects. 

The published reports of almost all investigators certainly 
speak very strongly in favor of such a supposition, but in order 
to assure myself by personal observation that views of such a 
character were correct, I examined representatives of the different 
families of the Orthoptera and became convinced that I was 
right so far. Later, material from the Hemiptera, Neuroptcra, 
Coleoptera, and Lepidoptera was examined only to confirm the 
opinion that the element in question is a constant character of 
the insect testicular cells. The recent work of Miss Wallace 
upon the spider ('oo) would seem to indicate that there is no 
doubt of its presence in the Arachnids, and with its determination 
in this class the probability of its general occurrence in the 
Arthropods is largely increased. I may also say in passing that 
some hurried examinations of vertebrate spermatocytes lead me 
to believe that the accessory chromosome is likewise present 
here. 

If it be conceded that we are dealing with a common element 
of the sperm-forming cells, it must also be admitted that there 
exist extensive variations in its appearance and manifestations. 
To do this, however, is no more than to concede what is known 
to be true of all other chromosomes so that such an admission 
can in no way impair the standing of the accessory chromosome 
as a constant and important nuclear element. It will therefore 
be understood that the outline history of its behavior in the dif- 
ferent cell generations, which I intend to give, will apply only in 
general particulars. Its purpose is more to show the importance 
of the clement than to postulate a type. 

In the spermatogonia, our knowledge of the accessory chro- 
mosome is due almost entirely to Paulmier and to Sutton. The 
former author notes in a general way {% 36) that in the meta- 
phase of the early cell generations there are present two smaller 
chromatin bodies which, during the breaking down of the sper- 
matogonia! chromosomes to form the spireme, do not suffer any 
very extensive dissolution. Later these appear as a single body 
in the prophase of the spermatocyte. Montgomery makes no 
mention of their behavior earlier than the telophase of the last 
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spermatogonial division but agrees with Paulmier*s view concern- 
ing their later changes. 

Sutton, on the contrary, has devoted his entire attention to the 
spermatogonial divisions and has given us a fairly complete ac- 
count of the changes taking place in Brachystola (1 49-55). 

It is probable that this object presents an extreme view of the 
accessory chromosome. From an inspection of Sutton's prep- 
arations and a comparison with other forms, however, I am 
strongly inclined to the behalf that it is merely a very marked 
example of a normal process. We may, therefore, take the 
course followed by the accessory chromosome in the spermato- 
gonia of Brachystola as representative since it is all that we have, 
at present, to base our knowledge upon. 

Even with this we have no hint, as to the real origin of this 
problematical body — ^a point of great importance. It is hoped 
that more extensive collections of material will render it pos- 
sible to learn something of this, but the problem is one of con- 
siderable difficulty owing to the compact nature of the early cells 
and their apparent irregularity in arrangement. A favorable ob- 
ject may be found, however, in which the structure will stand 
out clearly enough to be accurately studied, and in this event we 
may discover the conditions determining the setting apart of this 
one chromosome from all the others. 

Sutton was first able to distinguish the accessory chromosome in 
cysts of eight or sixteen cells. Here, as in the spermatocytes, it 
seems to be removed as far as possible from the influence of the 
ordinary chromatin. This is accomplished by an enclosure in a 
separate vesicle which, as Sutton observes, may almost be re- 
garded as a separate nucleus (1 51). A distinct existence is 
maintained during all the stages when a possible exchange of 
material between the accessory chromosome and the other chro- 
mosomes might be accomplished. Only after the chromosomes 
are definitely established as independent bodies are the barriers 
removed and then only long enough to permit the act of meta- 
kinesis to take place. 

During the period intervening between the acts of division, the 
conduct of the accessory chromosome parallels that of the 
nucleus containing the remainder of the chromatin (1 50). A 
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vesicle is formed, the chromatic substance is deposited upon its 
wall in intimate relation' with the cytoplasm, a concentration 
ensues and a definite chromosome is produced. 

These changes, it seems to me, are easily explainable if we 
regard the conditions under which the processes operate. The 
divisions of the spermatogonia are rapid and continuous and 
every factor concerned is subordinated to filling the follicles with 
spermatogonia as quickly as possible. This, of course, requires 
a rapid increase in amount of chromatin including that of the 
accessory chromosome, and so the anabolic processes are facil- 
itated by bringing the chromatin into a position where it can best 
derive its nourishment from the cytoplasm. The vesiculation of 
the accessory chromosome is merely an incident, the isolation of 
the element being the end sought. 

Throughout the divisions of the secondary spermatogonia this 
process continues until the accessory chromosome of, let us say, 
the primary spermatogonium has been apportioned to each of 
the many cells that are now ready to transform into spermato- 
cytes, and during this time it has practically been as independent 
as if it were the chromatin of a separate nucleus. 

Part II. Theoretical Considerations. 

In seeking an explanation for the unusual phenomena con- 
nected with the history of the accessory chromosome in the male 
germ cells, it is most natural to surmise the existence of a phylo- 
genetic significance. In the spermatagonia what amounts to 
practically two nuclei in each cell is strongly suggestive, in mere 
general features, of the appearances manifested in the Protozoa 
where both macro- and micronuclci are present. The accessory 
chromosome might be homologized with the micronucleus which 
serves as a medium of exchange between the organisms during 
the act of fertilization, but it would be extremely difficult to 
trace any parallelism between the macronucleus and the real 
chromosomic vesicle of the spermatogonia. I do not. therefore, 
believe that we ciin look in this direction for an explanation of 
the jxrculiar character exhibited by the accessory chromosome. 

Nor do I believe that there is the least basis for Paulmicr's 
theory that the structure is a degenerating chromosome. There 
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are many facts which argue against it. Of these I should like 
to speak in some detail, since the theory they controvert is the 
only one yet advanced upon the proper basis that the element is 
a chromosome and not a mere nucleolus. 

Paulmier considers the element a chromosome in the process 
of disappearing from the species and reaches this conclusion 
after observing that in the last spermatocyte mitosis it fails to 
divide and is thus unequally apportioned to the resulting sperma- 
tozoa. Before considering a theory based upon so unusual a 
phenomenon as this, it would be well to make certain that it is 
an actual and common occurrence. That it is must be granted, I 
think, after the work of Henking, Paulmier, and myself, upon so 
many different forms, has shown it to be of such wide distribution. 
Granting this, then, there remains to be examined the validity of 
the assumption that the act presages the final extinction of an 
element. 

In combating the suggestion of Paulmier, I shall make use of 
the evidence offered in the different cell generations, commencing 
with the spermatogonia. Every instance, according to my inter- 
pretation, shows facts strongly incompatible with this author's 
view. I would suggest in this connection that the extreme im- 
portance of the structure is unmistakably manifested by its course 
in the spermatogonial divisions. What could more strongly 
emphasize the special importance of an element than to have it 
set apart in a separate vesicle while its fellows are provided with 
one common investment ? Morphologically, this is simply rais- 
ing the accessory chromosome to the rank of a nucleus co- 
ordinate with the one commonly present in a cell. Its careful 
and uniform division during the mitoses of all the spermatogonia 
suggests anything but an unimportant structure. Had we no 
further refutation of the degeneration theory than that afforded 
by the spermatogonia, it would, I think, be sufficient. The 
evidence of the other cell generations, however, strengthens this 
position and is well deserving of attention. 

From the spermatogonia, each spermatocyte receives one 
chromosome (the accessory) which through all the subsequent 
stages exists as a chromosome and never suffers extensive disturb- 
ance of its chromomeres either for the purpose of metabolic activi- 
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tics or for the possible exchange of mutual influence with the other 
chromosomes. Montgomery assigns the origin of the accessory 
chromosome to a single spermatogonial chromosome, in the 
Hcmiptera, and I have clearly traced it to the same source in the 
Orthoptera. It must be regarded, therefore, as a single element 
and as the possessor of tivo chromatids, after its longitudinal 
division, and so differs from the other elements which are con- 
stituted oi four chromatids. This is a matter of considerable 
importance as will appear when we consider the division of the 
spermatocytes. 

The period which witnesses a breaking down of the sperma- 
togonial chromosomes and the construction of a thin chromatin 
thread from their chromomeres is marked by changes just the 
reverse on the part of the accessory chromosome. It enters the 
prophase as a definite body with a staining reaction that is con- 
stant and marked. These characters it maintains until it be- 
comes indistinguishable in the spermatid. 

Meanwhile the other chromosomes of the spermatogonia arc 
lost in the substance of the spireme, in which condition their 
chromomeres exist in relations far removed from those prevailiog 
in the component individual chromosome. This spireme stage 
is one of extreme importance to the structures it involves. In 
many cases, as has frequently been pointed out, it is a phase oc- 
cupying relatively, and sometimes actually, a long period of time. 
During its continuance, profound changes take place in the 
nucleus as a result of which the chromatin emerges in the form 
of chromosomes the like of which we are unable to find in any 
other cells of the body. Instead of having two chromatids at 
the time of the metaphase, each of these has four. Instead of 
being as numerous as those of the spermatogonia, there are but 
half as many. Throughout all the time involved in the produc- 
tion of these fundamental differences, the accessory chromosome 
has existed quite a|>art from the field of mutual influence in 
which the other chromosomes operate. It is thus apparent that 
it has its characters fixed, not in the generation which witnesses 
its division but in the previous one. In other words it is a sper- 
matogonia! chromosome which divides in the spermatocyte 
mitosis. 
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From this it will be apparent enough why there is an undi- 
vided chromatin element in one spermatocyte mitosis. It is but 
a single chromatid and so cannot be separated into halves. If, 
therefore, Paulmier bases his theory upon this phenomenon 
(as it appears he does) it would seem that he has a very insuffi- 
cient foundation for it. True it is that he considers the element 
a tetrad and so would be more justified in his conception, but the 
evidence he brings forward in the proof of this is not convincing. 
Montgomery clearly recognizes its unit character in other mem- 
bers of the Hemiptera, Sutton traces it through the spermato- 
gonia of the Orthoptera as a single chromosome, and my own 
observations are positive as to its valence. The weight of evi- 
dence is therefore strongly against Paulmier on this point — the 
essential one in his theory. Moreover, I might point out that 
the division of the elements has already been accomplished in 
the prophase of the first spermatocyte and only their separation 
remains for a succeeding metaphase. The active agents here 
are the archoplasmic fibers, so that failure to act in unison with 
the other cell structures would reflect upon their vigor rather 
than upon that of the chromosomes. 

Again, the great regularity of the divisions by means of which 
exactly one half of the spermatozoa are unprovided with the ele- 
ment would seriously weaken any assumption of degeneration. 
If the usual course of degenerating structures were followed, it 
would demand great irregularity and uncertainty in the occur- 
rence of the unequal division, whereby varying numbers of the 
spermatozoa would be marked by the presence of the undivided 
element. In none of the forms studied is there any suggestion 
of an indeterminate and indefinite division, and in the absence of 
this, Paulmier's theory loses its strongest support. 

It is also pertinent to ask whether the dropping of specific 
characters would take place by the elimination of an entire chro- 
mosome, if so whether this would occur in the germ cells, and, if 
in the germ cells, why in the last generation ? 

In view of all the objections advanced, I believe it would be 
impossible for Paulmier's hypothesis to maintain its ground with- 
out the support of numerous others equally difficult to base . 
upon observed facts. It will be necessary on this account to 
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look elsewhere for an explanation of the various phenomena in- 
volved in the problem. I shall therefore venture to advance a 
theory which has been suggested to me by a careful study of the 
structure in various sj)ecies in the hope that an early elimination 
of the improbable factors of the question will bring us closer to 
the true explanation. 

In oflering a theory to account for the function of the acces- 
sory chromosome, I do so with considerable reluctance, for I 
realize how little real general knowledge we have of this struc- 
ture. It seems to me, however, that something is necessary to 
concentrate the interest of sfxirmatologists upon the fundamental 
character of this most suggestive chromatin element, and I know 
no better way of aiding in this than by publishing the working 
hypothesis with which I have attacked the problem. 

This has led me into the field of theories concerning sex and 
its determination, but I have tried to avoid any more extensive 
discussion than is necessary to outline, in a preliminary way, the 
opinion I hold concerning the meaning of the accessory chromo- 
some. Even with this reservation I have nevertheless been 
obliged to go further afield than I should desire with our present 
knowledge as a guide. I can only hope that my excursions may 
accomplish a measure of the purpose for which they were under- 
taken. 

Briefly stated, then, my conception of the function exercised by 
the accessory chromosome is that it is the bearer of those quali- 
ties which pertain to the male organism, primary among which 
is the faculty of producing sex cells that have the form of sper- 
matozoa. I have been led to this belief by the favorable re- 
sponse which the element makes to the theoretical requirements 
conceivably inherent in any structure which might function as a 
sex determinant. 

These requirements, I should consider, arc that : (n) The element 
should be chromosomic in character and subject to the laws 
governing the action of such structures. {/») Since it is to deter- 
mine whether the germ cells are to grow into the passive, yolk- 
laden ova or into the minute motile s|)ermat<>zoa, it should be 
present in all the forming cells until they are definitely estab- 
lished in the cycle of their development, (r) As the sexes exist 
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normally in about equal proportions, it should be present in half 
the mature germ cells of the sex that bears it. {d) Such dis- 
position of the element in the two forms of germ cells, paternal 
and maternal, should be made as to admit of the readiest re- 
sponse to the demands of environment regarding the proportion 
of the sexes, {e) It should show variations in structure in accor- 
dance with the variations of sex potentiality observable in dif- 
ferent species. (/) In parthenogenesis its function would be 
assumed by the elements of a certain polar body. It is con- 
ceivable, in this regard, that another form of polar body might 
function as the non-determinant bearing germ cell. 

{a) If we accept the theory that the chromatin is the bearer of 
hereditary qualities, there could be little doubt regarding the 
necessary chromosomic character of a sex determinant. Sex 
being an elementary characteristic of protoplasm, it would be 
firmly established in the hereditary basis along with metabolic 
activity, irritability, etc., and if any argument were needed at all 
it would be a general one, not concerned immediately with the 
question under discussion, but with the broader one suggested. 
It will therefore be assumed that the chromatin is this basis. 
This being true, it will only be necessary to point out that the 
work of a majority of investigators definitely proves that the ac- 
cessory chromosome is a chromosome, and its standing in this 
respect is established. 

{b) With regard to what would theoretically be required of a 
chromosome whose function should be the determination of sex, 
it is probable that almost every investigator would hold an 
opinion differing in some respects from those entertained by others. 
What I can suggest in this connection will therefore be merely 
tentative and an expression of my own views. One thing, how- 
ever, would seem to be necessary; i, ^., that the determinant 
should exist in the cells until they are definitely established as 
elements of either an ovary or of a testis. 

If it be that the production of male elements is a sign of kata- 
bolic conditions, or, in other words, of those that make a greater 
demand of energy expenditure upon the developing cell, then it 
would seem most natural that the determinant should be for the 
purpose of carrying the transformation beyond the production of 
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ova to spermatozoa. It would therefore be a necessary con- 
tent of the cells until they had passed through the stages of de- 
velopment beyond that at which they might pause and become 
laden with yolk or, in other ways, postpone the period of matura- 
tion. It is conceivable that the production of four functional 
cells from one spermatogonium would call for the employment 
of more energy than would the formation of one functional egg 
from an oogonium, especially since many cells contribute their 
substance or support in the upbuilding of the egg. 

Accordingly, it would be most reasonable to expect the pres- 
ence of the determinant in the latest possible stage consistent 
with its equal distribution to half the spermatozoa. This we find 
to be the case with the accessory chromosome which regularly 
occurs in all the cell generations up to the last and is only with- 
held, finally, from half of the spermatids. By its consistent 
course in this respect, the accessory chromosome plainly mani- 
fests its intimate influence upon the germ cells of which it is a 
part, and most strongly suggests a relation to sex determina- 
tion. It may further be pointed out in reference to this relation, 
that during the multiplied spermatogonial divisions, the accessory 
chromosome exhibits a somewhat distant attitude toward the 
remainder of the chromatin, and it is only at the time of the 
definitive spermatocyte divisions that it comes to be an intimate 
member of the cell nucleus. In what manner it is borne from 
the fertilized egg to the testis of the embryo we do not know, 
and, lacking this knowledge, are placed at a considerable dis- 
advantage for a proper appreciation of its real character. 

(r) A most significant fact, and one upon which almost all 
investigators are united in opinion, is that the element is appor- 
tioned to but one half of the spermatozoa. Assuming it to be 
true that the chromatin is the important part of Xhe cell in the 
matter of heredity, then it follows that we have two kinds of sper- 
matozoa that diflcr from each other in a vital matter. We 
expect, therefore, to find in the ofTspring two sorts of individuals 
in approximately equal numbers, under normal conditions, that 
exhibit marked diflTcrcnces in structure. A careful consideration 
will suggest that nothing but sexual characters thus divides the 
memlK'rs of a s[x:cics into two well-defined groups, and we are 
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logically forced to the conclusion that the peculiar chromosome 
has some bearing upon this arrangement. 

I must here also point out a fact that does not seem to have 
the recognition it deserves ; viz, that if there is a cross division of 
the chromosomes in the maturation mitoses there must be two 
kinds of spermatozoa regardless of the presence of the accessory 
chromosome. It is thus possible that even in the absence of any 
specialized element a preponderant maleness would attach to one 
half the spermatozoa, due to the " qualitative " division of the 
tetrads.^ 

{d) As I elsewhere suggest, it is most appropriate that the sex 
determinant should have its locus in the spermatozoa. These 
elements are most commonly freed from any close relation to the 
parent organism at maturity, and thus lose the opportunity to 
receive from it any bias toward the production of an unusual 
proportion of the one sex or the other as environmental condi- 
tions might require. It is otherwise with the ova. They are 
usually retained by the maternal organism in such intimate rela- 
tion to it that surrounding conditions might easily imprint their 
demands upon them. Even up to the time of fertilization the 
female elements are so placed as to react readily to stimuli from 
the mother. Here they are approached by the wandering male 
elements from which they may choose — if we may use such a 
term for what is probably chemical attraction — either the sper- 
matozoa containing the accessory chromosome or those from 
which it is absent. In the female clement, therefore, as in the 
female organism, resides the power to select that which is for the 
best interest of the species. 

{e) The strength with which sex is established in different 
species of animals is variable. Moreover it is a fact of common 
observation that all cell elements vary widely in different animals. 
We should not be surprised to find, then, that a determinant 
would exhibit marked varieties of form which might even be 
carried to the extreme of its entire suppression as a definite 
element. Incomplete as are the observations upon the behavior 

nt is suggestive that in all those cases where there appears to be no cross 
division of the chromosomes in maturation, nothing like the accessory chromosome 
has been noted. This would seem to be some indication that there might be two 
tjrpes of division. 



76 MtCLUNG. 

of the accessory chromosome in various species, enough evidence 
is forthcoming to show wide departures from anything that might 
be considered a typical form. And here it is that it may be 
possible to secure more or less definite information with regard 
to the meaning of the accessory chromosome. If a large num- 
ber of observations show variations that parallel well-marked 
instances of unusual sex characters, then greatly increased prob- 
ability will attach to the theory I have advanced. 

(/) Concerning the bearing of parthenogenesis upon the prob- 
lem of sex determination, we know little. In eggs, no struc- 
ture comparable to the accessory chromosome has yet been ob- 
served and the presence of any such element is extremely im- 
probable. But it is known that diflerent sexes come from 
parthenogenetic eggs, and in the familiar example of the aphides, 
these are produced in strict response to environmental demands. 

Parthenogenesis, however, is regarded as a degenerate method 
of sexual reproduction in which polar bodies perform the function 
of the spermatozoa. Sex might, therefore, be determined by 
the particular polar body that restored the needed amount of 
chromatin to the egg, for these, like the spermatozoa, would be 
of two kinds where a reduction division took place in the process 
of maturation. These facts would indicate an element of truth 
in Minot's view regarding the meaning of the polar bodies. In 
respect to this matter, however, we have only theory to guide us 
and must wait for more thorough study of the question. 

The suggested hypothesis affords a reasonable basis for a 
number of theories that have been advanced and supported upon 
empirical data. Among these are Thury's and Diising's on the 
time of fertilization ; the ones relating to the nutrition of the 
parents and embr>'o ; and possibly others in which age or ** com- 
parative vigor " is assigned as the influential factor. 

In general. I would point out, my theory confirms these by 
showing that the condition of the ovum determines which sort of 
spermatozoon shall be allowed entrance into the egg substance. 
In this we see an extension, to its ultimate limit, of the well- 
known roU of selection on the part of the fem.ile organism. 
The ovum is thus placed in a delicate adjustment with regard to 
surrounding conditions and reacts in such a way as to best sub- 



THE ACCESSORY CHROMOSOME. JJ 

serve the interest of the species. To it come the two forms of 
spermatozoa from which selection is made in response to envi- 
ronmental necessities. Adverse conditions demand a preponder- 
ance of males, unusually favorable circumstances induce an excess 
of females, while normal environments apportion an approxi- 
mately equal representation to each of the sexes. 

Those theories regarding sex determination which contain any 
element of truth within them will be found dependent upon this 
principle. It is expressed by Geddes and Thompson in these 
words : '• But the general conclusion is tolerably secure — that 
in the determination of the sex, influences inducing katabolism 
tend to result in production of males, as those favoring anabolism 
similarly increase the probability of females." The authors just 
cited clearly recognize that we must consider the sexual elements 
in the light of their elemental structure and function when the 
final explanation of sex is sought. They say : " That the final 
physiological explanation is, and must be, in terms of proto- 
plasmic metabolism, we must again, however, remind the reader." 

The role that I have suggested for the accessory chromosome 
in no way changes the ordinary conception of the part played in 
sex determination by the various observed factors, but it does 
offer some tangible means by which to correlate these and to 
fix the nature of their participation. 

The conception of two forms of sexual elements which would 
be operative in the determination of sex is not new. It has been 
assumed on purely theoretical grounds that there are two kinds 
of ova, one of which, in the event of fertilization develops into a 
male organism while the other under similar conditions gives 
rise to a female. This theory is dismissed by Geddes and 
Thompson on the ground that the two forms of ova have never 
been observed and for the further reason that later influences 
might possibly change the earlier tendency. 

The latter objection would prove fatal to any theory which 
located the determination of sex in a structural difference of the 
germinal elements. I do not consider this position well taken 
for reasons that I will give later. The more serious objection 
lies in the fact that, so far as observation has gone, all eggs of a 
species are practically alike. It is also to be depreciated because 
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of the fact that it reverses the ordinary relations of the elements 
and removes the |>ower of choice from the female. 

We have in the case of the spermatozoa, however, the observed 
fact that there are two essentially different forms and that they 
are present in equal proportions. No other feature, save sex, 
separates the resulting offspring into two approximately equal 
groups. By exclusion then, it would seem that the determina- 
tion of this difference is reposed in the male element. 

There are, I am aware, certain observations upon the determi- 
nation of sex with which my hypothesis does not seem to agree. 
Some of these I should like to mention in order to suggest pos- 
sible explanations or reasons for regarding them within the limit 
of error set by our present knowledge of the subject. These 
objections may be suggested by the following questions : 

/is sex potentiality — by which I mean the tendency of the spe- 
cies to perpetuate itself in individuals of two sexes of approxi- 
mately equal numbers — a constant and uniform factor prevailing 
throughout all classes of animals? Is sex determined at the 
time of fertilization ; if so, is such determination absolute, or 
may it be changed by varying conditions ? "^ Under the unusual 
circumstance of parthenogenesis, will it be possible to reconcile 
a theory which postulates the presence of a determinant in the 
male element with the fact of the entire absence of this element 
in unisexual reproduction ? 

An answer to the first question is not difficult. It is a matter 
of common observation that all animals are not alike in their 
methods of reproduction. In the insects, for instance, it is 
known that certain forms invariably produce young after the 
.sexual method and that parthenogenesis never occurs ; in others, 
parthenogenesis is the common method and sexual union of male 
and female only an infrequent occurrence ; while in yet others, 
one sex is produced by fertilized eggs and the other sex from 
those unfertilized. 

The logical conclusion to be drawn from these facts is that sex, 
per st\ is not an unchangeable attribute of organisms but is an 
adaptation of the s(K*cies to secure the most favorable conditions for 
its j)erpetuation. Given favorable conditions of environment and 
aphides will reproduce indefinitely with only one sex as a repre- 
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sentative of the species. Adverse conditions, on the contrary, 
cause the appearance of the male form which then shares with 
the female the representation of its kind 

Again, some species are influenced by favorable external con- 
ditions to such an extent as to cause, not the entire suppression 
of the male form, but only its subordination in numbers. Fi- 
nally, therp are forms where the numerical proportion of the 
sexes is preserved with only slight variation even under great 
extremes in environment. The first case we would consider as 
an example of a weak, the second as one of moderate, and the 
last as one of strong, sex potentiality. 

Let it be granted, then, that the demand for sexual representa- 
tion is not equally strong in all species. It follows that we may 
expect to find corresponding variations in the method by which 
sex is determined. Such forms as exhibit a ready response to 
environmental conditions will certainly be more easily influenced 
even at a late stage of development than would the more stable 
forms at the beginning. 

On this account, an answer to the second question could not 
be a simple one. It is very probable that, in certain species, sex 
is determined at the time of fertilization and can not be altered by 
any later influences. Conversely, it has been experimentally 
proved that the proportion of sexes may be materially altered by 
changed nutritive conditions operating upon larval forms, or may 
possibly be changed several times in the same individuals. But 
because Yung raised the proportion of females from a normal 
one of about 56^ to the unusual one of 92^ in the sexually un- 
stable tadpoles of the frog, it docs not follow that in all forms 
sex is such a variable factor. It is simply an evidence that sex 
is not a fixed attribute of organisms and that in this particular 
case it is extremely unsettled. By no means can it be taken as 
an argument that sex may not be established in the act of fertili- 
zation. 

In refuting this view, moreover, we are not forced to rely en- 
tirely upon negative inferences. In the case of the honey-bee, 
it has long been known that sex depends solely upon the matter 
of fertilization. From the impregnated eggs come the females, 
queens or workers as circumstances dictate ; from the unim- 
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pregnated eggs always males. This fact Dzicrzon demonstrated 
by observation in 1853, and the absence of spermatozoa from 
the eggs which develop into drones has very recently been proven 
in the laboratory of Weismann by the use of modern cytological 
methods. 

A further proof, although inferential, is that afforded by 
"true" twins, in which case it appears that the sex of the 
two individuals is always the same. If sex were established at 
the time of fertilization of the ovum, then sex would be shared 
along with the other qualities possessed by the normal indi- 
vidual that would have developed from the ovum under ordinary 
conditions. In case sex were not established at the time of im- 
pregnation, it would be natural to expect the two sexes to be 
occasionally represented in one birth because of the inequality 
of nutrition in the embryos or for other reasons. 

Sex, then, is determined sometimes by the act of fertilization 
and can not be subsequently altered. But between this extreme 
and the other of marked instability there may be found all de- 
grees of response to environment. It must accordingly be 
granted that there is no hard-and-fast rule about the determina- 
tion of sex, but that sj>ecific conditions have to be taken into 
account in each case. The objection that Geddcs and Thompson 
raise against the possibility of two forms of eggs, viz., that it is 
a useless adaptation on account of the fact that subsequent con- 
ditions may determine sex in some cases, is not a valid one in 
general. Such may be the case in some instances, but such is 
not the case in others. 

Finally, with res|>cct to the evidence to be derived from 
parthenogenesis, it should be remembered that we are here deal- 
ing with a practical suppression of sexuality and it is to be ex- 
pected that extensive modifications of the ordinary process will 
follow. If the egg takes upon itself all the functions commonly 
exercised by it in conjunction with the sjKTmatozoon. it must be 
that the determination of sex is included. This, in some in- 
stances, is a final choice on the part of the ovum and ever after- 
ward one sex only is produced by it ; again, however, it main- 
tains a res|K)nsive attitude toward environments and gives rise to 
the sex most needed by the s{>ccies. It is to be hoped that the 
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very promising field opened up by the work upon artificial par- 
thenogenesis will throw much light upon these vexed problems. 

Laboratory of Zoology and Histology, 
University of Kansas, January i, 1901. 

SUPPLEMENT. 

During the period of a year and a half that has elapsed since 
the completion of the foregoing article, a number of important 
changes in, and additions to, our knowledge of the accessory 
chromosome have been made. These are noted in another 
paper, "The Spermatocyte Divisions of the Locustidae/* soon 
to be published, so that extended reference to them will not be 
given here. For the sake of completeness, however, I deem it 
proper to make brief mention of such as affect the main points 
of this contribution. 

First, I may observe that the exact character of the unequal divi- 
sion of the accessory chromosome in the spermatocytes of the 
Orthoptera has been established. As may be noted in T[ 42, I 
could not determine the behavior of this element in Xiphidium 
with certainty. From its absence in large numbers of spermatids, 
though, I was inclined to support Henking's view that it remained 
undivided in one of the spermatocytes. In other genera of 
Locustidae, Orclusticus, Anabrus, Microcentrum^ and Scudderia^ 
I have since been able to demonstrate with certainty that the 
accessory chromosome divides but once in the spermatocytes. 
Here, unlike Pyrrhocoris^ the second spermatocyte mitosis wit- 
nesses the separation of the chromatids of the accessory chromo- 
some. The end result is, nevertheless, the same in each case. 

Further confirmation of the fact may be found in the work of 
R. de Sinety upon other species of Orthoptera, in which he re- 
cords exactly similar processes. I feel safe in stating it as estab- 
lished therefore, that in the Orthoptera — and in the Hemiptera — 
the accessory chromosome is normally present in exactly one 
half the spermatozoa. 

With regard to the general distribution of the accessory chro- 
mosome, I may state that a student in this laboratory, Mr. M. 
W. Blackman, has been able to demonstrate its presence in the 
Myriapoda where it evinces, in connection with all the other cell 
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elements, a tendency to depart from typical appearances. Mont- 
gomery has investigated the spermatogenesis of Peripatus and de- 
clares that the '* chromatin nucleolus" is not present in that form. 
His evidence, however, I regard as not convincing in this respect. 

Credit is assigned Montgomery (If 24) for the discovery that 
the accessory chromosome is merely a spcrmatogonial chromo- 
some that comes over unchanged into the spermatocytes. This 
must now be withdrawn, for, at present, he accepts the views of 
Paulmier that it is formed by synapsis from differentiated elements 
of the spermatogonia. That it is, on the contrar>', the same in 
both cell generations, at least in the Orthoptera. is shown by the 
work of Sutton (^ \ 49, 52). 

Perhaps the most important advance in our knowledge of the 
accessory chromosome pertains to its relation to the other chro- 
mosomes of the cell. During the early investigations upon it, 
the tendency was to consider it widely removed from the t>'pe 
chromosome, but we are now beginning to perceive that practi- 
cally its only divergence consists in its isolation. This feature is 
most pronounced in the prophase of the first spermatocyte where 
the element bears some little resemblance to a nucleolus — enough, 
in fact, to have induced several investigators to so call it. But, 
as has already been shown, this is merely superficial, and later 
researches upon the Locustid cells have brought to light the fact 
that the accessory' chromosome forms a close spireme of its own. 
and so parallels the activities of the ordinary chromosomes at the 
point where it seemed most to diverge. We may therefore re- 
gard the accessor)* chromosome as practically normal in its be- 
havior throughout the different cell generations of the testis up 
to the jK)int where it is thrown into prominence by the unusual 
action of the remaining chromosomes during the pseudo-reduc- 
tion. It may well be. as prenously suggested, that the distinc- 
tion bestowed upon the accessory chromosome at this time is due 
to its fidelity to the tyjxr form of division which, at this point, is 
abandoned by its fellows. 

Regarding the theor>' of its function advanced in this paper, I 
can say only that it has. if anything, been strengthened by later 
researches, and more nearly explains the phenomena involved 
than any other that has been conceived. 
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THE METALLIC COLORS OF FEATHERS FROM THE 
NECK OF THE DOMESTIC PIGEON. 

R. M. STRONG. 

The so-called metallic colors and iridescent effects exhibited by 
many feathers have been variously explained by different writers. 
In general they are recognized as diffraction phenomena peculiar 
to the barbules. 

If one observes the neck of a gray domestic pigeon by reflected 
sunlight, the feathers on the sides will appear bright metallic- 
green when the angles of incidence and reflection are small. 
But when the angles are large, the same region has a purplish 
appearance. Under other conditions a dull brown color prevails. 
A single feather gives metallic colors only from the distal 
exposed portion. 

The hypotheses based on the supposed presence of striae or 
ridges, supported by Haecker ('90) and others are seen at once 
to be inapplicable to this case when one finds that the feather 
may be rotated through a whole circle with essentially the same 
color effects for given angles even from individual barbules. Fur- 
thermore, a careful microscopic study of the barbule surface shows 
that irregularities such as striae, ridges, pits, knob like eleva- 
tions, etc., are not frequent enough when sufficiently small to 
produce grating effects, and in fact are not normal occurrences. 

On comparing barbules giving metallic colors with barbules 
from the same barb in a region of non-metallic colors, striking 
modifications are found. The barbules from the region where 
metallic colors do not appear are of the typical form, with a prox- 
imal flattened region, a longer attenuated portion, and well- 
developed barbicels on the distal barbules. They present their 
dorsal margins upward in a dorsal view. There is a compara- 
tively sparse pigmentation with the typical rod-shaped granules of 
melanin found in feathers. 

In the region of metallic colors, one finds the proximal bar- 
bules essentially like the distal barbules and flattened throughout 
their extent. The attenuated portions characteristic of typical 



86 STRONG. 

barbules are absent as are also the barbicels. There is a very 
heavy dark pigmentation of the dorsal halves of the barbules 
and they are arranged so that they present their flattened surfaces 
upward in a dorsal view. The dorsal margins rest upon the 
median regions of the next more distal barbules and the ventral 
margins are thereby hidden from view. The arrangement sug- 
gests, somewhat, two rows of shingles overlapping each other on 
either side of a median axis. 

On sectioning these barbules, I find an outer transparent layer 
less than one micron in thickness, which encloses cell cavities 
more or less closely packed with spherical granules of melanin 
pigment less than one micron in diameter. The greater part of 
this pigment is in the dorsal half of the barbule, the part visible 
in a dorsal view of the feather. 

For several months I held strongly to the view that the thin trans- 
parent layer produced the well-known interference colors of thin 
plates, as was supposed by Altum ('54, '54a) and Briicke ('61). 
The exceedingly uniform size and unusual shape of these pigment 
granules seemed too significant, however, to warrant an unqualified 
acceptance of the thin-plate hypothesis. Usually, melanin gran- 
ules become more or less generally fused together into irregular 
masses or are imbedded in the horn substance of the feather. In 
the barbules which give metallic colors, however, the spherical 
granules retain their individual form. Cross sections fretjuently 
show them scattered about outside the barbule section and they 
seem to have been simply packed in the cell cavities of the bar- 
bules with little or no cementing substance to hold them together. 

In the feather germ, I find typical pigment cells or chroma- 
tophores which produce typical rod-sha|K*d granules. But after 
these granules have passed into the cells composmg the funda- 
ments of the barbules which are to have metallic colors, they are 
transformed into spherical granules. 

By a fortunate miinipulation of apparatus, recently. I was able 
to xicw barbules by strong reflected sunlight while using a I^itz 
No. 7 objective. A beautiful pattern of gleaming spheres was 
presented to my eye. Kach pigment granule ap{)eared to be 
difiracting light and all the colors of the s[)ectrum were visible 
in the field. On the broad surface of the barbule, where the 
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angles of incidence were small, the predominant colors were yel- 
low and green, especially green. On the margins where the 
angles of incidence were great, the prevailing colors were reds 
and purples. 

The colors of the feathers described, when observed without a 
microscope, are very apparently mixed colors. The greenish ef- 
fects are produced when light strikes the broad surfaces of the 
barbules and is reflected with a small angle of reflection. The reds 
appear only when light falls with a large angle of incidence on 
the pigment granules of a margin or elevated portion of a barbule. 

We seem to have a clear case of Newton's rings where each 
pigment granule comes in contact with the outer transparent 
layer. 

This is a preliminary statement of my results. Another paper 

describing them in greater detail with the aid of figures is in 

process of publication. 
April i, 1902. 
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STUDIES IN EARTHWORM CHLORAGOGUE. 

WM. J. RICE. 

The dearth of knowledge concerning the physiological signifi- 
cance of earthworm chloragoguc and the opportunity offered for 
the study of the subject, are the main reasons for the work here 
presented, which has been carried on under the direction of Pro- 
fessor James G. Needham. 

I have found only one article having an important bearing on 
the subject of this pai)er, one by Thomas Schacppi,* which was 
found after this research was practically completed. It may be 
stated that in several respects a marked similarity exists between 
the chloragogue of Ophilia radiata and that of the earthworm, 
especially as to color, strong resistance to acid and alkaline rea- 
gents and the probability that the chloragogue is excretory' in 
function rather than secretory. 

Lumbricus hcrculctis has served for the most part as material for 
study. As much as was possible of the work was done with 
freshly collected material. But when, during the winter months, 
fresh material was not available, worms were used which had 
been collected in the late fall and, to insure a thrifty condition, 
preserved alive for winter use under favorable conditions of tem- 
perature and moisture. The worms were found to thrive best in 
temperature varying from 40" to 60' F. Extremes of heat were 
quickly fatal. It was found necessary' to e.xerci.sc care in the 
amount of moisture furnished, as too much moisture was as hurt- 
ful as too little. The results obtained from material properly 
preserved and from freshly collected material were essentially the 
same. 

The following points are considered : I. ( )ngin and growth of 
chloragogue; II. Distribution; III. .Structure; IV. I*\inction 
and V. Elimination. 

I. Orii^.u and (tfoicth. — To learn whether the chloragogue, 
as is generally supjM)se(l, is a modification of the |)eritoneal epi- 
thelium, a series of worms was prepared lx:ginning with a young 

* ** I)a« ('hli>rA){i>i;i'ii vim < >{>hr)iA radiala " IciiAi^chc /cilK'hnfi fur Niiiurwi<k«cn- 
Khafl. I,S93. XXVIII . .\ri.c holgc XXI 
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worm 5 mm. long and continuing through increasing sizes till a 
stage was reached in which the chloragogue cells appeared fully 
developed. In the smallest worms the peritoneal layer, the 
chloragogue that is to be, is always apparent and a similarity is 
evident between it and the peritoneal layer elsewhere, both in 
structure and in reaction to staining fluids. In the smallest 
worms the chloragogue appears as a simple layer as yet undiffer- 
entiated into the club-shaped cells of the adult form. In larger 
specimens of the series a gradual development into the typical 
chloragogue cells can be traced. As the cells become older they 
increase in length, the characteristic granules appear and they 
become less and less responsive to stains, until in the fully de- 
veloped adult condition they are practically proof, excepting their 
nuclei, against every stain to which they were subjected. The 
nuclei readily respond to stain. 

Upon adult worms the following experiment was performed to 
determine whether there was any renewal of chloragogue when 
it is artificially removed. With a sharp razor an incision was 
made through the outer body wall into the coelomic cavity, 
exposing the alimentary wall. With a scalpel the chloragogue 
was then removed from the alimentary wall as completely as 
possible and the worm afterward kept under favorable conditions 
of temperature, moisture, etc., in order to insure a condition of 
thrift. The result of this experiment was that although the 
wound made in the body wall in order to remove the chloragogue 
began to heal well the second day after it was made, no chlora- 
gogue regeneration was observed in specimens sectioned at vari- 
ous intervals thereafter. 

II. Distribution, — In the adult worm the chloragogue is found 
to be distributed as follows : beginning at the posterior end of 
the oesophagus it extends dorsally, attached in abundance to 
either side of the dorsal blood vessel as far back as the thirtieth 
segment (counting from the rear). It is interesting to note that 
the chloragogue attached to the outside of the alimentary canal 
practically ends in the region where the typhlosole ends : from 
the thirtieth segment to the anus it becomes less and less abun- 
dant, finally disappearing about the seventh somite. In the 
typhlosole it is also abundant. Somewhat less abundant than 
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on either side of the dorsal blood vessel, the chloragogue is 
found surrounding the origin of the aortic arches dorsally, and 
covering the dorso-intestinal blood vessels, an important fact, 
inasmuch as the blood gathers from the alimentary wall into the 
dorso-intestinal blood vessels and through them flows into the 
dorsal blood vessel. This condition suggests that the chlora- 
gogue may with good reason be considered as having to do with 
food elaboration. The chloragogue is found less abundant still 
on the outer surface of the alimentary wall, arranged in irreg- 
ular circular bands. It is also found laterally and ventrally 
but not as abundantly as on the dorsal aspect. It is entirely 
absent from the ventral blood vessels, in marked contrast to 
its abundance on the dorsal vessels. In passing, reference 
may be made to the fact that within the dorsal blood vessel as 
seen in cross section a tissue is found, which in appearance, is 
much like the chloragogue. The largest individual chloragogue 
cells are found on cither side of the dorsal vessel as it crosses 
the crop and gizzard. The walls of the crop and gizzard are 
free from chloragogue. 

III. Stnu'tnri. — The typical adult chloragogue cell is club- 
shaped, having at its narrow base a nucleus of medium size which 
readily stains, while filling the remaining cell space are innumer- 
able minute yellow granules which compose the greater part of 
the cell and give to it its characteristic color, which varies from 
a brownish-yellow to a yellowish-green. These chloragogue 
granules are apparently lifeless. No stain has been found to 
affect them, the strongest acids like nitric acid and hydrochloric 
aciil affect them but slowly. Likewise .strong alkalies like po- 
tassium hydroxide have only a vcr>' slow effect in disintegrating 
them. Neither iloes feeding or starving a worm, as will be shown 
later, have any apparent effect upon the chloragogue. In the very 
young Wi>rm, however, the entire chloragogue cell is more or less 
re8j)<)nsive to .stains, and the younger the chloragogue the more 
striking is its likeness to the (K^ritoneal epithelial layer of which 
it is generally su|)posed to be a modification. 

I\'. I'Htution, — One of the first attempts to determine the 
function of the chloragogue was through s()ecial feeding. A long 
series of negative results was obtained. The diflficulty was not 
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found in the worms refusing to eat, because a few hours (over 
night) sufficed for a worm to gorge itself with whatever substance 
was placed before it even though it were no more than common 
white blotting paper. The worm, when the proper amount of 
moisture and the right limits of temperature were provided, 
thrived 33 well on fuchsin-stained earth ; on milk-saturated earth;' 
on finely divided meat scraps ; on moist bread ; on vegetables 
such as finely chopped leaves of cabbage, lettuce, etc., as it did 
on its customary earth diet. But no effect due to this varied 
feeding was observed on the chloragogue. This being so it was 
determined to try and affect the chloragogue through starving. 
A number of large thrifty worms were deprived of both food and 
water for as long a time as they could be kept alive, which was 
three days. In this time they lost 44 per cent, in weight, but a 
microscopical study in cross section of a worm thus treated, while 
it showed a great shrinkage in the cells of other tissues, did not 
show the chloragogue as having undergone any essential change. 
It cannot here be said that the function of the chloragogue has 
been definitely learned ; but the following inferences in the light 
of the foregoing and what is to follow seem justified. Finding 
the chloragogue in such close proximity to that 
part of the blood system which transports the 
newly absorbed food (see Fig. i) — dorsal blood 
vessel, dorso-intestinal blood vessels and aortic < 
arches — and within the typhlosole, and ceasing 
to be abundant on the outside of the alimentary 
wall at the point where the typhlosole ends ^"^- '■ Showing 
within the alimentary canal, would indicate that '!;* ^ =''«'*"=ristie 

Bbundance of chlor- 
the chloragogue had an important relation to .gogue sumiunding 
the elaboration of food. But the lifeless condi- 'he dorso iniMiiiml 
tion of the adult chloragogue and its apparently ^^°^ vessels, a, 
living condition in the very young worm, indicate tiood vessel with (*) 
that possibly the function of the chloragogue is chloragogae cells 
performed in the early development of the worm, sunoundiig ii. 
and that in the adult it has become functionless, although in the 
> Heit il m«y be added thai in bistologicsl ^jreparatioDs of milk-fed worms, (rnted 
with oimic acid, the characteristic black-colored fal globules could be distinguished 
in the qiitheliat cells of tbc alimentary wall but no trace of ibem was found in the 
ebloragogue cells. 
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light of what follon-s the inference seems justified that it may 
have an excretory function. 

V, FJimination. — Chtoragoguc granules are found free in the 
ccL-lomic fluid. They are found imbedded in leucocyte bodies. 
They arc found composing the greater part of large waste masses, 
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in some instances filling the entire culomic cavity in the poste- 
rior region of the body, between numbers of the dis-sepimcnts. 
l^astty they are found in the muscular tissue of the outer body 
wall, dorsally and ventnilly (see Figs. 2 and _^): on the dorsal 
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a.s]M:ct, fi>r the most it;ir1 ;is ditTtisc granular m.issfs distributed 
throughi>ut the cireuLir muscular layer; on the vcntr.tl aspect 
in mi>rc conip.ict masses in the vicinity of the set.u. They ap- 
[jcar to be thus making their way to the outride. That there is 
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in the earthworm such a crude method of waste elimination is 
further supported by the results of an experiment performed by 
a fellow student at Lake Forest College, Mr. John J. Jackson, 
His experiment was undertaken to learn how the earthworm 
eliminates a foreign substance injected into the coelomic cavity. 
Lamp-black was the substance used on this occasion. Histolog- 
ical preparations of material thus treated showed the lamp-black 
evidently making its way through the tissues of the outer body 
wall to the outside in the manner described for the waste 
chloragogue granules. That the letter are thus directly extruded 
any one may easily demonstrate by the following experiment : 
A thrifty worm thoroughly washed is placed under a bell-jar and 
subjected to the influence of ether vapor. The mucus which 
the worm casts off as a result of this ether vapor irritation, on 
microscopical examination is seen to contain an abundance of 
chloragogue granules which are enveloped or embedded in a 
transparent substance — possibly the contents of a mucous or i 
leucocyte cell that soon bursts, allowing the granules to scatter 
in various directions. 

In the waste masses, for the most part composed of chlora- 
gogue granules, found in the anal region are large numbers of 
setae, in one adult worm as many as six hundred and twenty- 
five (counted in part and estimated) were present, varying in size 
from small' undeveloped to large fully developed ones. The size 
of the setae depends somewhat on the size of the worm — ^the fully 
developed setae naturally not being found in a very young worm 
while in an adult worm both very small and fully developed setae 
are often present. Also in many of these same waste masses are 
found nematodes — Aftguilula lumbricei, kindly determined for 
me by Dr. W. M. Woodworth. An interesting question arises 
in regard to the presence of these nematodes embedded in the 
waste masses in the posterior region of the body because of the 
following conditions. While some waste masses are entirely 
lacking in nematodes, such masses being of a dark brown color, 
other waste masses again are found which vary from a brown to 
an almost white color— depending on the number of nematodes 
present. If they are many, in which case the granules of chlora- 
gogue as a rule are scarce, the masses are white. The question 
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that has arisen from this condition of things is whether there 
may not be a symbiotic relations between the earthworm and 
these supposed parasites. Are these nematodes instrumental in 
consuming the chloragogue waste which the worm by other 
means is unable to eliminate from its body ? 

A detailed study of these waste masses both in preserved (for 
winter use) and freshly collected material gave these results : 
The average number of setae (counted in part and estimated) pres- 
ent in the waste masses of each of the seventeen worms exam- 
ined was two hundred and forty-eight. The nematodes in 
the dark-colored waste masses were as a rule few — sometimes 
entirely absent — and, when present, in a quiescent state, often 
enveloped by a sort of cyst. In these dark-colored masses 
the chloragogue granules far exceeded the nematodes in abun- 
dance. 

In the light-colored masses, on the other hand, the nematodes 
were far in excess of the chloragogue granules, and on pressing 
the cover-slip many of the nematodes, having within their bodies 
granules apparently identical as to size and color with those of 
the surrounding waste chloragogue granules, could be excited to 
move freely and by so doing clearly showed themselves to be 
unencumbered by any cyst. Their appearance was suggestive 
of a newly moulted insect. This supposition of a symbiotic rela- 
tion is then supported to the extent that within the nematodes 
have been found granules identical as to size and color with 
chloragogue granules; and further by the fact that where the 
nematodes are in excess and in an active condition the chlora- 
gogue granules as a rule arc far less abundant than the nematodes. 
It should be stated, however, that the nematodes at no time have 
been seen in the act of consuming the chloragogue granules, 
though frequently one has patiently sought to observe this. 
Still the facts seem to justify the suggestion of a possible symbi- 
otic relation existing between these nematodes and the earth- 
worms within which they live. 
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ABNORMALITIES IN THE CESTODE MONIEZIA 

EXPANSA. III. 

C. M. CHILD. 

In Parts I. and II. of this paper (Child, 'oo) the various abnor- 
malities occurring in Moniezia expansa were described, in Part I. 
those consisting of imperfect and partial proglottids and in Part 
II. the spiral abnormalities. It now remains to determine the 
manner in which these various abnormalities arise, and to discuss 
the significance of the facts observed. 

As is clear from preceding descriptions, there is not the slightest 
evidence that any of the form-variations of the proglottids appear 
after development of the proglottid is begun. The degree of 
differentiation of all parts of an abnormal proglottid is the same, 
and corresponds to its position in the chain. All the various 
kinds of form-variations occur in the youngest distinct proglottids. 
These facts lead to the conclusion that the variations in form 
appear at the time when the proglottid is formed ; that imperfect 
and partial proglottids and spiral series take their origin in that 
part of the body in which the causes that lead to the formation 
of proglottids are at work. That is to say, variations in form are 
the result of variations in the original formative processes, not the 
result of modification in the form of structures already established. 

Since this is the case, the process of formation of the normal 
proglottid may be expected to throw some light upon the factors 
concerned in the formation of abnormalities. The first part of 
this paper is devoted ' to a description of the normal method of 
proglottid -formation . 

The figures are all semi-diagrammatic, but in the figures of 
sections the nuclei of the parenchyma were drawn in with the 
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camera, and thus correspond as nearly as possible in number and 
position with those in the actual sections. The subcuticular 
layer, however, is represented schematically by stippling. 

I. Strictlkk of riiK Neck-Region and Fokmation 
OF Fkoglottiiw. 
Behind the scolex there is a region some five to eight milli- 
meters in length, commonly known as the neck, in which no 
division into proglonids is \-isiblc externally. 

A few words regarding the structure of the body in this region 
will render the following description somewhat clearer. 




Fio. 43- 



Figs. 42 and 43 arc transverse sections through the region 
between the scolex and the point where distinct proglottid-s ap- 
pear. Fig. 42 is taken from a section near the scolex, Fig. 43 
from one further back. The lines 42 and 43 in Fig. 46 (p. 98) 
indicate res])ectively the approximate levels of the two sections. 
The proglottids arc just becoming visible externally at the pos- 
terior end of Fig. 46. 

The outer cuticular membrane is indicated by the line bound- 
ing the figures. Beneath this is a cellular layer, the subcuticular 
layer, with rather closely packed nuclei, indicated schematically 
in the figures by the stippled region beneath the cuticle. At this 
stage of development the nuclei appear to lie in more than one 
row. Ileneath this cellular layer is found the parenchyma. The 
|x>rtion of the parenchyma external to the longitudinal mu.sclcs 1 
have, for convenience, designated as the peripheral parenchyma 
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(Rindenschicht of various authors). This contains a few widely 
scattered nuclei. The most conspicuous muscle-layer at this 
stage is the well -developed longitudinal muscle-layer indicated in 
the figures. Other muscles are not shown. Within the muscle- 
layer the central region of the proglottid is occupied by paren- 
chyma. This portion of the parenchyma surrounded by the 
longitudinal muscle layer may be called the central parenchyma 
(Mittelschicht). In it lie the large ventral and the smaller dorsal 
nephridial canals and the lateral nerve cords. 

In the central parenchyma the nuclei are more abundant than 




Fig. 44, 

in the peripheral layer, and, as the figures show, they are rather 
more numerous in the outer parts of the parenchyma, especially 
between the nephridial canals and the muscle-layer. 



■•■■■ \*.rv.ll* 

Fig. 4S- 

The two longitudinal sections, Figs. 44 and 45, show the same 
structures. Fig. 44 is drawn from a frontal section about half 
way between the scolex and the first distinct prc^lottids in the 
plane of the line 44, Fig. 53 (p. 1 03). Here the nuclei of the 
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central parenchyma are seen to be more abun- 
dant at the two sides between the nephridial 
canals and the muscles. In Fig. 45, which is 
taken from a sagittal section in the median line 
(see line 45, Fig. 53. p. 103), the nuclei of this 
region are seen to be most abundant near the 
outer boundary of the central parenchyma. 

The earliest stages of the growth of the 
body occur in the neck-region and the prog- 
lottids appear at the posterior end of the neck. 
Consideration of the method of proglottid- 
formation requires, therefore a study of the 
neck-region, and to this the following para- 
graphs are devoted. 

The series, Figs. 47-52, show parts of the 
neck and the region just posterior to it, viewed 
as transparent objects. The region of the neck 
represented by each figure is indicated approx- 
imately in Fig. 46 by the numbered areas enclosed by parallel 
lines, the number in each case corresponding to the number of 
the figure. All six figures were drawn from a single preparation, 
a whole mount of scolex and neck-region, which was fixed in the 
extended condition while slightly flattened between two slides. 
The longitudinal muscle-layer is indicated by parallel broken 
lines, and the nephridial canals are drawn in. Nuclei and their 
general distribution are represented by the stippling. 



Fig. 46. 
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In Fig. 47, which shows the region at the jK>stcrior end of the 
scole.x itself, the nuclei in the region Ixrtween the nephridial 
canals and the longitudinal muscles, where they are most abun- 
dant, show faint indications of an arrangement in parallel bands, 
groups, or zones extending transversely. The groups of the two 
sides of the«body appear to be entirely separate from each other, 
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the inner end of each band or zone lying in the region of the ne- 
phridial tubes. The groups or aggregations of nuclei are so 
indefinite that it is difficult to count them or tg determine whether 
they correspond on the two sides of the body. The nuclei of 
the region between the nephridial tubes show no definite grouping. 




Fig. 48. 

Fig. 48, taken further posteriorly (see Fig. 46), shows a similar 
arrangement of the nuclei within the longitudinal muscle layer. 

This peculiar arrangement of nuclei in this region varies some- 
what as regards distinctness in different specimens. It can always 
be made out in preparations which are well extended longitu- 
dinally, but in contracted specimens the nuclei are so massed to- 
gether that it often disappears. The examination of a large 
number of specimens has, however, satisfied me that it is a normal 
characteristic of this region. 

Fig. 49 is taken from a point near the posterior end of the 
neck region (see Fig. 46) and shows bands of nuclei extending 
across the central parenchyma, the first distinct evidences of pro- 
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glottid-formation. The arrangement of the nuclei in these bands 
is probably due not so much to migration of the nuclei as to 
more rapid multiplication of certain of them, thus forming aggre- 
gations. It may be, however, that migration does occur to some 
extent. From this point on, these parallel bands of nuclei be- 
come more and more distinct and it is clearly evident that they 
represent the proglottids. 

In Fig. 50 an arrangement of nuclei into transverse bands ex- 
tending across the central parenchyma is still more* distinct and 



the bands are broader than in Fig. 49. As yet, however, there 
is no trace of the inter- prog I ottidal furrows upon the margins or 
suriaces of the body, and indeed the grouping of the nuclei does 
not extend into the peripheral parenchyma at all. 
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Fig. 5 1 shows a stitl later stage in the process of proglottid- 
formation. The bands of nuclei arc still broader and more dis- 
tinctly marked in the middle region of the body, though the 
nuclei arc still more abundant in the lateral regions of the central 
parenchyma. It is cedent that the number of nuclei is increas- 
ing. One marked advance in the development is noticeable here, 
viz., the arrangement of the nuclei in the peripheral parenchyma 
in groups corresponding to those formed within the longitudinal 
musclc!>. It i.s evident that this grouping is gradually extending 
toward the surface of the body, though it has not yet reached it. 
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In other words, there arc in thLs region of the neck localized re- 
gions of growth, or regions in which the nuclei multiply more 
rapidly than in the intervening, regions and now these ureas of more 
rapid growth are gradually extending toward the .surface of the 
body. All of the figures being drawn to the same scale, it is 
evident that the growth in width of the txtdy has lx:gun. 

In Fig. $2 the proglottids are well defined and their boundaries 
arc indicated upon the surface by shallow furrows. The txxJy is 
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increasing in width and each proglottid is growing longer as well. 
Even at this stage the nuclei are seen to be more abundant in 
the region of the ncphridial canals. 

The Figs. 49-52 render it sufficiently evident, I think, that 
each proglottid is simply an area of relatively rapid growth in the 
parenchyma. The growth first becomes evident in the lateral 
regions of the central parenchyma, /. e., between the nephridial 
canals and the long'tud'nal muscles where as was noted above, 
the nucle are most abundant It gradually extends from each 
side across the m ddle reg on of the body thus form ng a zone, 
which at first ncludes only the central parenchyma but gradually 
extends to the penpheral parenchyma At last the growth be- 
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comes evident upon the surface, the regions in which it occurs 
becoming convex as might be expected. At this stage then each 
proglottid represents a transverse slice of the body which is in- 
creasing in size more rapidly than the intervening regions, which 
therefore become marked as furrows. The furrows are not to 
be regarded as constrictions, but simply as marking the areas 
where growth in the transverse direction is least rapid. 

The important points in the process are as follows : Each pro- 
glottid arises as two distinct aggregations of nuclei, one on either 
side of the body, which later extend toward the median line and 
become continuous, and still later extend to the surface or at 
least to the outer layer of the body. 

In Figs. 47 and 4S, as noted above, there arc traces of a trans- 
verse arrangement of the nuclei in the lateral regions of the cen- 
tral parenchyma into bands or groups. The question at once 
arises as to whether these groups represent the earliest stages 
of the proglottids, or whether they are connected with some de- 
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tail of the structure of the neck-region. The evidence on this 
point is gathered and discussed in the following paragraphs, in 
which the structure of the neck-region and the early proglottid is 
examined in detail. 

Attention may once more be called to the fact that in the fig- 
ures of sections the individual nuclei, except those of the subcu- 
ticular layer, were drawn in with the camera, so that the arrange- 
ment of the nuclei seen in the figures corresponds as closely as 
possible to their arrangement in the actual section. As the 
nuclei are di.stinct and not ver>' numerous, the figures arc prob- 
ably free from serious inaccuracies in this respect. 

First of all in this connection, the two transverse sections. Figs. 
42 and 43 (p. 96), require renewed consideration. These sec- 
tions lie in the plane of the aggregation of nuclei and conse- 
quently do not show them. Incidentally it may be mentioned, 
however, that in following through a series of transverse sections 
from the neck-region, the nuclei between the nephridial canals 
and the longitudinal muscles are more abundant in some sections 
than in others and that a certiin, not very marked periodical re- 
currence of the two conditions can be made out. The f)oint of 
immediate interest shown in Figs. 42 and 43 is the greater 
abundance of nuclei in the lateral regions of the central paren- 
chyma. In both figures the regions contain numerous nuclei 
distributed with more or less uniformit>', while the region be- 
tween the two pairs of nephridial canals, though showing some 
more or less distinct aggregations, contains in general fewer 
nuclei. This |x>int confirms the evidence aflbrded by the study 
of whole mounts, viz., that the nuclei appear to be more abun- 
dant in the lateral regions of the central parenchyma than else- 
where when viewed from either surface. Of course in whole 
mounts the distribution of nuclei in the central parenchyma is 
more or less marked by the subcuticular peripheral nuclei. 

I^mgitudinal sections are neces.sary to show the groups of 
nuclei. The frontil section, Fig. 44 (p. 97), is taken from near 
the anterior end of the neck. It |)asses through the ventral 
nephridial canals. The plane of the section is indicated by the 
line 44 in Fig. 53. The nuclei of the central parenchyma are 
seen to be much more abundant lateral to the nephridial canals 
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than between them. Moreover, an indistinct arrangement in 
groups of the nuclei of these lateral regions of the central paren- 
chyma does appear, especially on the left side. The groups of 
nuclei are so illy defined in the preparations in toto, where the 
whole dorso-ventral thickness of the central parenchyma is seen, 
that it can scarcely be expected that a section only a few micra 
(7) in thickness, and thus containing only a small part of the 
total number of nuclei in a given group, should show the arrange- 
ment any more clearly. The nuclei of the peripheral paren- 
chyma are very few in number and scattered, showing no indi- 
cation of any arrangement in groups corresponding to those of 
the central parenchyma. 

In Fig. 45, a sagittal section near the median plane, the nuclei 
are seen to be most abundant in two regions, near the outef mar- 
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gins of the central parenchyma, appearing in the section as two 
longitudinal bands of nuclei, which are in reality sections of two 
layers of nuclei, a dorsal and a ventral layer. These layers were 
indicated indistinctly in the transverse sections shown in Figs. 42 
and 43. The tendency to aggregation of the nuclei into groups 
which is present in the lateral regions of the central parenchyma 
is not visible here, or at least not sufficiently distinct to appear in 
the section. As regards this point the section confirms the ob- 
servations on the whole mounts. The region from which this 
section was taken corresponds approximately to the region from 
which Fig. 48 was drawn, being probably a little posterior to it. 
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In Fig. 4H the groups of nuclei, though visible laterally, do not 
extend to the median plane. It should be noted that the paren- 
chyma-nuclei are more abundant in Fig. 45 than in Fig. 44, thus 
indicating that multiplication of the nuclei is occurring even in 
the neck-region anterior to the point where the proglottid)) bc- 




Fig. ss 
come distinct, for Fig. 45 is taken some distance posterior to 
Fig. 44- 

Fig. 55 i.s drawn from a nearly sa^ttal section near the pos- 
terior end of the neck region. Its plane is indicated by the line 




SS in Fig. 54. The ventral nephridial canal lies partly in the 

plane of the section. Here again an aggregation of the nuclei 

into groups is visible. i-s|>ecially in the lower portion of the figure. 

Fig. 56 represents another obliiguc section which cuts both 
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nephridial canals. It is taken from about the same region of the 
neck as Fig. 55, but from another individual. The plane of this 
figure is represented approximately by the line 56 in Fig. 53. In 
this figure the grouping of the nuclei is more distinct than in the 
other longitudinal sections. 

These figures represent sections of approximately the same 
region as is shown in Fig. 49, i. c, a region in which the proglott- 
ids first become recognizable. The groups of nuclei represent, 
therefore, the early stages of what we know to be proglottids, 
and yet the chief differences between these figures and Fig. 44 
consist in the larger number of nuclei and a greater degree of 
distinctness in the groups of the former figure. 

At this point the relation of the lateral groups or zones of 
nuclei in the anterior neck region to the proglottids requires con- 
sideration. 

As is evident from the facts stated above, the distinct proglot- 
tid extending across the body and marked by a convex contour 
of the surface appears first at a considerable distance behind the 
scolex. All through the neck region, however, occur the indis- 
tinct groups of nuclei in the lateral regions of the central paren- 
chyma, and, when the proglottids form, their earliest stages appear 
to arise from the groups. 

If these groups represent the earliest stages of proglottid-for- 
mation, then the proglottid must be laid down just behind the 
scolex and pass backward through the neck-region in conse- 
quence of the formation of new proglottids in front of it, until 
finally its development reaches a stage where it becomes visible 
externally. If the groups of nuclei anterior to the regions where 
proglottids first become recognizable as bands of nuclei extend- 
ing over the nephridial canals toward the median plane, do not 
correspond to proglottids, they must be due to some other fea- 
tures in the structure of the neck. In this case, the neck consti- 
tutes an unsegmented region, which gradually becomes marked 
off into proglottids. 

The facts favor the second view. In the first place, the groups 
of nuclei are just as distinct immediately behind the scolex as 
they are further back {cf. Figs. 47 and 48). /. ^., no development 
occurs in them except perhaps a slight increase in the number of 
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nuclei until the region is reached where the proglottids become 
distinguishable. And secondly, I have found similar groups of 
nuclei in the neck-region of other cestodes, but in a number of 
cases they did not correspond to proglottids, but a number of them, 
four or five or perhaps more, were included within a single pro- 
glottid when it formed, and a still higher number were found in 
older proglottids. The examination of Moniezia expansa alone 
might lead to the acceptance of the first of the two alternatives 
stated above, for when the proglottids do appear they are 
aggregations of nuclei in the lateral regions of the central paren- 
chyma, of about the same size as the other groups. This com- 
parison with other forms shows that the indistinct grouping of 
nuclei throughout the neck region has nothing to do with the 
formation of proglottids. The existence of the groups is probably 
due to the more or less regular repetition of the dorso-ventral 
muscles, which are most abundant in the lateral regions of the 
central parenchyma, and perhaps also in part to the arrangement 
of the circular muscles. Between the muscles the nuclei of the 
undifferentiated parenchyma arc aggregated into groups. Such 
an arrangement seems to be visible in some sections, but in others 
does not appear distinctly. 

I have considered this point rather fully because in Moniezia 
the resemblance of the nuclear groups to the early stages of the 
proglottids is very close. 

Returning to the consideration of the forming proglottid, we 
find that after it becomes visible as a zone of nuclei extending 
across the central parenchyma, a continuous increase in size in 
all directions occurs. Some of the features connected with this 
process of growth require attention here. 

In the early stages of the proglottid, before the furrows have 
become visible on the surface of the b<Kly, the parenchyma-nuclei 
arc multiplying vcr>' rapidly. Fig. 5 1 shows the general ap- 
pearance at this stage, and Fig. 57 is a section of the same 
.stigc in the plane of the line 57 in Fig. 53. Here the nuclei 
of the iK'riphcral jwrenchyma are just beginning to ap|KMr in 
groups, corresponding in po.sition to the lateral regions of the 
proglottids in the central parenchyma. Although in whole 
mounts the boundaries of the proglottids are well marked, sections 
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show them less clearly. It is interesting to note that the group- 
ing of the nuclei in the peripheral parenchyma appears first in the 
lateral regions as represented in Fig. 57. Sagittal sections of 
this stage near the median plane show no grouping of the periph- 
eral nuclei there, although in the central parenchyma the bound- 
aries of the proglottids are quite distinct. Here again the earliest 
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stages of development appear near the main nerve-cords and 
extend gradually to the other parts. 

A little later the boundaries of the proglottids become visible 
on the surface (Fig. 52), and sections at this stage show sdll further 
increase in the number of nuclei, especially 
in the central parenchyma. Fig. 58 rep- 
resents a sagittal section near the median 
line. The furrows are beginning to appear 
on dorsal and ventral surfaces. The out- 
lines of the proglottids are distinct within 
the central parenchyma and the transverse 
nephridial canals have appeared. The 
scarcity of nuclei in the peripheral paren- 
chyma is noticeable, but the few present 
are more or less distinctly grouped. 

A somewhat later stage is represented in 
the frontal section. Fig. 59. Here the subcuticular cells, which 
are represented schematically by the dotted region at the mar- 
gin, have become indistinctly grouped, the spaces between the 
groups corresponding to the inter-proglottidal furrows. The 
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peripheral parenchyma- nuclei, though few. are grouped in the 
proylottids. 

Now the proglottid is completely established as a localized 
region of growth. Later changes which 
occur lead to some alteration in the shape 
and proportions of various parts and to 
the differentiation of various organs 
within the pro^^lottid. 

In some Cestodes. including Afoiiiida. 
the longitudinal nerve-cords arc con- 
nected by a series of transverse prog- 
lottidal commissures and other proglot- 
tidal nerves arc also present. The de- 
velopment of this proglottidal nervous 
" "''' system has been investigated but little, 

although it is certainly a field of considerable interest. The 
time at which the nerves appear, their relation to the formation 
of other parts of the pr^^lottid and thcmanner of their differen- 
tiation are all difficult but important problems. 

Tower ('00) has described and figured the origin of the trans- 
verse commissures in the neck-region of MvnUzia (Fig. i, Taf. 
21). Mr. Tower ha.s had the kindness to inform me personally 
that the folds along the margins of the neck in this figure are not 
intended to represent the outlines of proglottids but are merely 
the folds resulting from contraction. He finds that the transverse 
commissures begin to appear before the proglottids are distinct, 
but he has not been able to discover any great degree of regular- 
ity in the order of their appearance. The first traces of these 
commissures appear almost immediately behind the scolex, but 
their formation is not completed until the stage where the pro- 
glottids begin to be visible. It is ptissible. as Tower himseli 
admits, that further study might show a much greater regularity 
in the development of these commissures. 

The [>oint in Tower's figure where the first traces of the com- 
missures apiK-ar is certainly far anterior to the region in which 
the proglottids become distinct, /. c, the commi^sures are ap]>ar- 
cntly the first of all the proglottidal structures to appear. 

The study of the neck-region of Momtzin brings to light a 
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number of facts which possibly indicate a close relation between 
the appearance and early development of the proglottids and the 
nervous system. The figures of whole mounts (Figs. 47-52) 
and of transverse and longitudinal sections through the neck 
region (Figs. 42, 43, 45) show that the earliest aggregations of 
the parenchyma-nuclei occur in the region in which the lateral 
longitudinal nerve-cords lie, and that growth of the proglottids fol- 
lows the lines which the transverse dorsal and ventral commis- 
sures must take as they develop. 

In the transverse section, Fig. 43, the nuclei of the central 
parenchyma are mostly situated in an indistinct ring around the 
outer margin of the central parenchyma. In Fig. 42, from a 
more anterior region, this arrangement is less clearly marked. 
In the longitudinal sagittal section near the median plane (Fig. 
45), which is taken from a region posterior to Fig. 43, the same 
arrangement, or more rapid multiplication of the nuclei is evident 
in the outer region of the central parenchyma, /. e,, in the region 
which the dorsal and ventral portions of the nervous system 
occupy. 

In general it is evident then that the multiplication of the 
parenchyma-nuclei occurs most rapidly in regions of the body 
about the nervous system. 

Too little is known regarding the arrangement and develop- 
ment of the proglottidal commissures and nerves in other Cestodes 
to enable us to determine whether the proglottidal system appears 
before the proglottids become distinct. 

A number of authors have described the nervous system of the 
proglottids of various cestodes, but little attention seems to have 
been paid to the region of formation. It seems extremely prob- 
able, moreover, that our knowledge of the proglottidal system is 
incomplete as regards most cestodes. The difficulty of distin- 
guishing with certainty the nervous tissue, not the lack of interest 
in the subject, is responsible for this condition. Branches arising 
from the longitudinal nerves have often been mentioned and 
among the later writers upon the subject a number (Koehler, '94; 
Scheibel, '95 ; Liihe, '96 ; Cohn, '98), have discovered in various 
forms more or less complex systems of commissures between the 
longitudinal nerves, sometimes forming a highly developed net- 
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work. So far as I am aware, the only account of the develop- 
ment of this system is the one given by Tower ('oo). 

Liihe ('96) and Cohn ('98) have stated that in IJguIa, where the 
reproductive organs arc repeated but the body shows no segmen- 
tation, and in Schistocephalus, a segmented form, systems of ring- 
like and radiating transverse commissures connect the numerous 
longitudinal nerves. The two sets of commissures always occur 
together, but are said not to be s^mentally arranged. Nothing 
is known, however, of the development of these commissures, and 
indeed it is not even certain that other nerves do not exist. 

Mr. Tower has very kindly informed me that in abnormal pro- 
glottids of Moniezia the nervous .system was not normally 
arranged. Unfortunately his notes, drawings, and preparations 
were destroyed by fire. 

It appears then from the little we know of the nervous system 
of cestodcs, and its development in the proglottids, that the sys- 
tem of commissures makes its appearance very early in the his- 
tory of the proglottid. Tower's account of the nervous system 
in the neck-region of Moniezia renders it very probable that the 
proglottidal commissures constitute the earliest visible indications 
of proglottid-formation. As noted above, the nuclei of the cen- 
tral parenchyma in the neck are more abundant in the region of 
the lateral nerve-cords and in a dorsal and ventral layer which 
corresponds closely in position to the region occupied by the 
dorsal and ventral parts of the nervous system. ICach proglottid 
begins to form in two separate parts, one in the region of each 
lateral nerve-cord ; these tw<) parts extend toward the center and 
unite, /. <•., they follow in general the same course of develop- 
ment as do the dorsal and ventral transverse commissures (Tower 
'00, Fig. I, Taf. 21). A little later the process of progloltid- 
formation extends to the jKriphcral parenchyma ; the .small 
nerves extending toward the surface of the body appear, accord- 
ing to Tower, somewhat later than the commissures. Still later 
in the hislor>' of the proglottid the genital orgcins appear. Tower 
found certiiin ner\'es which he designates as genital nerves, and 
.states that the.se appear later than the other portions of the nerv- 
ous .system. All of these facts certainly indicate a clo.se connec- 
tion between the development of the nervous system and that of 
the proglottid. 
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It would be premature to attempt with the few facts available 
to reach a final conclusion ^ith respect to the relations of the two 
processes. There are three possibilities to be considered : the 
localization of growth and the formation of proglottids may be 
the result of the appearance of the transverse nerves and com- 
missures and other parts of the proglottidal system ; the develop- 
ment of the nervous system may be the result of the appearance 
of proglottids ; or lastly, both may be effects of a common cause. 
Which of these three possible views is correct, it is impossible at 
present to decide. If the first of the three be accepted and it be 
admitted that some stimulus from the parts of the nervous system 
as they develop leads to the formation of a proglottid, an expla- 
nation is afforded of the first appearance of the proglottid as two 
groups of nuclei on opposite sides of the body, of the position of 
these groups, of the direction of their growth and of the order of 
development of the various parts of the proglottid. It would be 
out of place here to discuss the influence of the nervous system 
on growth, differentiation, and regeneration in general, but that 
such an influence has been found to exist in many cases cannot 
be denied. 

If we accept either of the other two possibilities, no explana- 
tion of the observed method of proglottid-formation can be given 
at present. 

The development of the nervous system and the process of 
proglottid-formation in different cestodes certainly offers a most 
interesting field for research. 

2. The Growth of -the Proglottids. 

The further history of the proglottid concerns its growth in 
size, various alterations in shape and the development of the gen- 
ital organs. It is beyond the scope of this account to enter into 
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the details of the formation of the genital organs, but some 
features of the growth require consideration. 

Figs. 60-63 are outline drawings of the form of the proglottid 



at various stages of its history. Fig. 63 shows one half of the 
pit^lottid. The longitudinal muscles and the nephridial canals 
are indicated. Examination of this .'series will show clearly that 



almost the whole increase in the width of the pr<^lottid is due to 
the growth of the central parench)'ma, the peripheral parenchyma 
forming little more than the posterior extensions at the maipns. 



Ki«. 63. 
In the growth in thickness of the body, /. c, in the dorso-ven- 
tral direction, the central [xirenchyma is not so markeJl}- pre- 
dominant. The three regions seen in a sagittal section preserve 
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much the same pro]x>rtii>ns durin;; the growth of the pro^^lottids 
(Figs. 64-70). In this series I'igs. 66 ami (17 show res]>cctivcly 
the ciintraLte<i and extended conditiuns in proglottids of the same 
age. FigN, 68 and C»j show similar conditions in a Liter stage. 
Fig. 70 is from a nearly "rijie " proglottid. In this series it is 
seen that the {>erip)ieral lurenchynia has undergone about the 
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same amount ■of growth here as at the lateral mai^ns, while the 
central parenchyma shows very little relative increase in thick- 
ness. 

In general, the central parenchyma grows chiefly in the lateral 
and longitudinal directions, the actual increase in thickness being 
much less than the increase in other dimensions and relatively 
very slight. The growth of the peripheral parenchyma increases 




Fig. 68. Fig, 69. Fig. 70, 

in amount from the anterior to the posterior end of each proglot- 
tid, but is similar about the whole circumference of the body. 
The first traces of the posterior extensions of the proglottids are 
seen in Fig. 71, a sagittal section of an early stage. Nearly all 
the nuclei of the peripheral parenchyma are grouped near the 
posterior boundary of each proglottid, indicating that growth is 
more rapid there than elsewhere, and the outlines of the proglot- 
tids are no longer regularly rounded, as in Fig. 59 for instance, 
but show distinctly localized growth in the posterior region. 

The above observations upon the origin and growth of the 
proglottid may be summed up as follows : The whole neck is a 
region of growth ; in the anterior part of the neck the growth 
is general but posteriorly it gradually becomes locahzed and thus 
gives rise to the proglottids. Each proglottid arises as two dis- 
tinct aggregations of nuclei in the central parenchyma near the 
lateral nerve-cord. Gradually the intervening portions of the 
central parenchyma come to show a similar arrangement and a 
zone of localized growth is formed. This growth next extends 
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to the peripheral parenchyma and finally becomes visible on the 
surface in the rounded contour of the proglottid and the furrows 
marking it off from others. Later growth, while including all 
parts of the proglottid, is greatest in amount in the central pa- 
renchyma. The relative increase in length and width of the 




prc^lottid is considerably greater than its increase in thickness. 
The folds forming the posterior borders of the proglottids arc 
formed by the localized growth of the peripheral parenchyma, 
and since growth begins here considerably later than in the cen- 
tral parenchyma, these folds arc comparatively late in making 
their appearance. 

( 7i> it etHlintied. ) 
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Introduction. 

From a faunal standpoint, southeastern United States, exclusive 
of Florida, is very remarkable. The fauna is not only very rich 
in individuals and species, but also in endemic forms. Some of 
these are indigenous, while others are evidently fragments of an 
ancient and formerly widespread fauna. Another fact which in- 
creases our interest is the general relationship of this fauna to 
that of the Northeastern United States, both biologically and 
geographically, since there can be but little doubt that this area, 
together with the boreal region, contains the most important 
centers of- distribution for Eastern United States since the Glacial 
Period. Some of these characteristics are likely to escape notice 
unless we consider the fauna in its entirety, and not as restricted 
by geographical limits. 

Many of the characteristics of this fauna have long been recog- 
nized. It has been well established that the temperate fauna and 
flora of Northern United States were driven south before the ice of 
the Glacial Period, and that with the retreat of the ice to the 
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north, a northward migration of life took place. I have hoped 
that the Postglacial centers of dispersal could be more definitely 
located than simply in the South, and I have found from a study 
of geographical relationship of the fauna and flora that one im- 
portant center has been in Southeastern United States, with Chat- 
tanooga as the approximate center. 

Geographical Affinities of the TE.MPERArE Fauna and 
Flora of Eastern United States. 

Several years ago my attention was first attracted toward the 
Southeast in attempting to get some idea as to the probable 
geographic origin of our Illinois reptilian and amphibian fauna. 
I was then led to conclude that this fauna was primarily of 
southeastern origin. At the same time I learned that the flora of 
the upper Mississippi valley came from the Southeast. MacMillan 
(*92, p. 653) said of the Minnesota valley, with respect to jts 
higher seed plants : ** While continentally centnil. it is by no 
means botanically central, but is peculiarly an Atlantic coast and 
southern region." With regard to the species he says (ibid.. 
p. 717): ** As a whole the metaspermatic flora of the Minnesota 
valley presents itself as distinctly eastern and southern by si)ecics 
as before by genera." * Dr. Ik'ssey ('92 and *oo) has shown 
that the trees and shrubs of Nebraska came from the Southeast 
He says : ** A close study of the foregoing facts as to the dis- 
tribution of our woody plants shows that nearly all have probably 
migrated to the plains from the east. . . . Nearly all our trees 
have come up the Missouri bottoms and spread from the south- 
eastern comer of the state west and northwest." The trees of 
Kan.sas clearly show the same origin, as is easily seen by com- 
paring Mason's ('92) list of Kansas trees with the one given by 
Dr. Ikrssey. 

Cojx: ('96, P- ^95) ^^^ |K>inted out the Mastem origin, or 
center of distribution, of our fish, amphibian, and turtle fauna. 
U}x>n closer analysis this fauna will undoubtedly indicate a 
southeastern origin. I have not lx:en able to learn that students 
of birds and mammals have especially nr ticed that Southeastern 

I |ty rrfcrciuc to a );<MMt (diiitiur ma{i <>|' the Mi^^'^i^'kipiii va]lr\. it %«ili l>e ca^y to 
Kc the hij^hwa) Uy whuh thi» Hora reached thi% rc|;i<m frtnii the SiutheaJtt. 
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United States is a center of dispersal, yet one can hardly doubt 
that such will prove to be the case, upon investigation. The 
annual paths of bird migrations favor this idea. One more illus- 
tration will be taken from the fauna. Mr. Bryant Walker's ('98, 
p. 10) study of the Unionid fauna of Michigan clearly shows that 
this fauna is almost entirely of Mississippi River origin, and the 
Mississippi River Unionid fauna is well known to be of south- 
eastern origin. But it is not necessary to multiply instances, be- 
cause the same law holds for the bulk of our fauna and flora and 
will be recognized by one familiar with any fairly large group of 
animals. The affinities of both fauna and flora thus point to, 
and converge toward the Southeast. About the only marked 
exceptions to the rule are the distinctly northern or boreal groups. 
Such illustrations as the foregoing are significant and sufficient 
to show that to the Southeast is a region deserving of special at- 
tention from a faunal standpoint. Because it is believed that here 
is the natural starting point for an attempt to untangle many 
faunal and floral problems, evidence has been collected which 
seems to throw light upon some of its peculiarities. 

Richness, or Abundance and Diversity of Life. 

As an illustration of the abundance of life, I will consider the 
flora, which shows a luxuriant development. Sargent ('84, p. 4) 
says : " Upon the slopes of the southern Allegheny Mountains, 
and in the valley of the lower Red River, regions of copious rain- 
fall and rich soil, the deciduous forest of the continent attains 
unsurpassed variety and richness." 

The richness of the fauna is shown by both the abundance and 
size of the individuals. Binney ('85, p. 34) has called attention 
to this in the case of the land shells of the " Cumberland Sub- 
region *' of the southern Appalachians. He says : ** If to the 39 
species catalogued above as peculiar to this subregion, are added 
the 69 which inhabit it as a portion of the interior region, it is 
seen that in the Cumberland subregion we find the largest num- 
ber of species of any portion of North America. The subregion 
is equally prolific in individuals, and the individuals are highly 
developed.'* 

The fresh water molluscan fauna is even richer than the land 
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shell fauna. Mr. Charles T. Simpson, of the U. S. National 
Museum, has told me that within 200 or 300 miles of Chatta- 
nooga there are more valid species of Unionidae than in all the 
rest of the world. As to the Pleuroceridae, about 300 or 400 
species are found in this same area. These and the Viviparidae 
here reach their largest size. Here also is the maximum differ- 
entiation of the crayfish. The states of Georg^ia, Alabama and 
Tennessee, have, according to Faxon ('85, p. 179), the richest 
crayfish fauna — 36 species. 

The vertebrate fauna is also very rich. Jordan ('96, p. 114) 
says of the fish fauna : •* These conditions [favorable for fish] are 
all well realized in the Washita River of Arkansas, in the various 
tributaries of the Tennessee, Cumberland, and Ohio, and in these 
streams, among the American streams, the greatest number of 
species have been recorded." 

Knoe-mism and Relicts in the Fauna. 

There is still another line of evidence which indicates that this 
region is not only a recent center of dispersal, but in addition, an 
area of preservation of ancient types. While it is in this region 
that the indigenous fauna of Eastern United States reaches its 
greatest development, it is not these forms primarily to which I 
wish to call attention now, but to the relicts or fragments of a 
still more ancient fauna. For convenience these will be discussed 
in two groups : 

I. Relicts lunnng Asiatic Affinities. — Years ago Asa Gray ('78), 
and Hooker (*79)» ^nd more recently Sargent (*94), have dis- 
cussed the close relationship existing between many plants found 
in l*!astcrn America and others found in Japan or I-lastem Asia. 
This discontinuous distribution of many of these forms indicates 
that they are fragments of an ancient flora. Hooker says : ** This 
generic identity, however, gives but a faint idea of the close rela- 
tionship iK'tween East American and East Asijitic, es|x:cially of 
the Ja|)ancse floras, for there is further s|x:cific identity in about 
230 cases, and very close rej)resenlalion in ui)wards of 350; and 
what is most curious is that there are not a few vcr\' singular 
genera of which cmly two s|K:cics arc known, one from cast Asia, 
the other in east America." The tulip tree {LirioJiNtiron), bald 
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cypress {Taxodium), sweet gum {Ldquidambar), and tupelo or 
sour gum {Nyssa) are interesting examples of genera limited to 
Eastern Asia and Eastern North America. 

But little attention has been given to the Asiatic relationship 
of the fauna of Eastern United States. No case has come to 
my notice of a mammal or bird which is limited to sout/ieastem 
United States and shows close East Asiatic affinities. The 
rodent genus Zapus is solely American excepting a single species 
in Western China (Miller, 'oO, p. 1 12). The isolated East Asiatic 
relative {Sialia coelicolor Hods.) of our common blue bird {Sialia 
sialis L.) is interesting in this connection (Seebohm, '81, p- 
328). But our alligator has a near relative in China. The sala- 
mander fauna (Gadow, 'oi, p. 95) of Eastern North America is 
the richest in the world. Triton, as in the case of the dragon-fly 
Boyeria, mentioned below, occurs in Eastern United States, 
Europe and Eastern Asia. The genus Amblystoma is abundant 
in Eastern North America and has only a single species in East- 
em Asia. But the most interesting case among the salamanders 
is that of the hellbender [Cryptobranchus allegheniensis) whose 
only near relative is the giant salamandar {C. japonicus) of J Sipan, 
which attains a length of over five feet. Among fish, Cope 
('75 > P- 64) gives three genera, the spoon-bill {Polyodon), the 
carpsucker i^Carpiodes) and a catfish (Atneiurus), each repre- 
sented in China with one species ; and Jordan ('96, p. 100) gives 
the shovel-nosed sturgeon {Scaphirhynchus) with relatives in 
Central Asia. 

Among Crustacea, the occurrence of Limulus upon the Atlantic 
coast with relatives in Asiatic waters and the freshwater Peneus 
in Eastern United States and also at the foot of the Himalayas 
(Semper, '81, p. 437), are to the point. Huxley, in his "Cray- 
fish " (p. 334), has pointed out a similar relation among crayfish. 
Faxon ('85, p. 176) says, concerning this relationship: *'The 
Cambari of Eastern United States are mostly related, not to the 
crayfishes on the other side of the Rocky Mountains, nor to 
those on the opposite shore of the Atlantic, but to those of the 
remotest district, Eastern Asia." 

Among insects we have some interesting relicts. For example, 
we have a dragon-fly {Hagenius brevistylus) with its nearest 
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relative in Japan, and also Boyeria, with three species, one 
species each in Japan, United States and Europe. Our luna 
moth {Tropaa luna) has a close relative in China {sclcne Leach). 
The Bryozoan genus Pectinatclla, although mainly of Northern 
distribution in the United States, has two species, one in Eastern 
United States, and the other (/l gclatinosd) in Japan. 

This oriental relationship has been clearly pointed out with 
regard to some of our Unionidae by Simpson ('96, p. 330). He 
says : ** The Naiad fauna of this region [Oriental] is magnificent 
and diversified, and almost rivals that of the Mississippi Valley 
in vigor, size, solidity and variety of forms. Both Dr. C. A. 
White and von Ihering believe that the Unios and Anodontas of 
this area arc closely related to those of the central part of North 
America. Not only docs there seem to be a general relationship 
among a large number of the X<iiads of this province with those 
of the Mississippi basin, but several oriental groups are apparently 
so close to those of our own region that it is well-nigh impossible 
to sejxiratc them. Thus, the Asiatic Anodontas. typified by A. 
zcoodiami Ixra if found in the United States, would be placed by 
most students with A. plana ; the Chinese Unios of the group of 
f/. hoiisci Ixa, and mytrsianns Lea, are evidently quite near the 
Ala/US assemblage ; Cnio supcrbus Ixa, is very much like our 
L\ capax (Jreen. and a number of the tuberculate forms of China 
could almost be placed in the American groups of U. lachry- 
mosus and U. pustulosus.*' As has been said before, it is well 
known that the Unioniche fauna of the Mississippi River .system 
has been derived from that of Southeastern United States. It is 
important to notice that the East Asiatic affinities are so distinctly 
marked in the case of X\\c fresh icatcr fauna. 

The s;imc explanation which A.sa Gray gave for the flora, 
doubtless holds for the fauna. In Preglacial times the flora had 
an extensive boreal distribution, as shown by Greenland fossils ; 
and with the advance of the ice. life w*is driven South in both 
hemispheres, and has been preserxed in both, in favorable locali- 
ties. An analogous case in the other hemisphere is the preser- 
vation of certain mammals in Africa and in the Oriental region 
(O.sborn, '00. p. 57) and Unionid.i- (Simpson, V/), p. 340). 
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Relicts not Showing Asiatic Affinities. 
Among animals, there are not only members of this fauna 
showing close Asiatic affinities, but there are other relicts which 
do not show such a relationship. Jordan ('88, p. i68) has 
given a number of genera of lowland fish which he considers 
archaic forms, or members of an ancient fauna. The mud min- 
no;v (^[/mdra), the pirate perch {Aphredoderus), the pygmy sun- 
fishes {Elassoma\ and the blind fishes (Amblyopsidae), are ex- 
amples of such forms. Among butterflies Libythea is of this type 
also, and Tacltopteryx among dragon-flies, and doubtless many 
other insects are. 

Two Centers of Dispersal in Southern United States. 
That the South was a retreat for life during the Ice Age is too 
well known to be discussed here. On account of the great 
amount of endemism and relicts in the Southeast it seems fair to 
conclude that quite an abundant and diversified fauna and flora 
lived there during the Ice Age, although the contrary opinion is 
often expressed. In south temperate North America there seem 
to be two very distinct and powerful centers of dispersal, or 
centers of ''adaptive radiation," as Osborn ('oo, p. 49) might call 
them. One, to which we have been calling attention, is in the 
Southeast, and the other in the Southwest on the arid plateau 01 
Mexico and Southwestern United States. This latter area, or 
distinct center of dispersal, has a very large number of indigenous 
forms, as is shown by Merriam's system of zoogeographical areas 
('93, p. 401). This is undoubtedly the area where the charac- 
teristic arid fauna (and flora)^ of North America has originated 
or has had its center of dispersal. The great amount of ende- 
mism in this area has suggested that this may have-retained much 
of its present arid condition for a considerable period of time, 
possibly preceding and during the Ice Age ; and one condition 
of its present richness may be due to its greater distance from 
the ice-sheet which destroyed many forms in Southeastern United 
States. The heavy rainfall and forests of Southeastern United 
States should be contrasted with the arid plains and deserts of the 
Southwest and the corresponding difference in the types of ani- 
mals originating in these two regions, noted. 

'Gray, '81, p. 62, and Bray, 'to, p. 713. 
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Northeastern United States during the Ice Age evidently could 
have had only a boreal fauna and flora. The present distribution 
of the boreal fauna and flora is along the northern border of the 
United States and the higher parts of the Appalachian Moun- 
tains. But it is not this element with which we are primarily con- 
cerned, because we have seen that the biogeographical affinities 
of the forms which at present dominate in the Northern United 
States cast of the Great Plains do not point to a boreal origin, 
nor to the arid region of the plains, nor to the Southwest, but to 
the Southeast, 

The criteria, which have been used to determine this center of 
dispersal will next be considered. 

Criteria for the Determination of Centers of Dispersal. 

In attempting to determine centers of dispersal of animals, I 
have found it necessar>' to keep clearly in mind the tests which 
are legitimate for such determinations. In a very large number 
of cases we do not have palcontological evidence in sufficient 
abundance to materially aid us. For this reason I have thought 
it desirable to state the criteria used. 

1 . Ix>cation of greatest differentiation of a type. 

2. Location of dominance or great abundance of individuals. 

3. Location of synthetic or closely related forms (Allen). 

4. Location of maximum size of individuals (Ridgway- Allen). 

5. Location of greatest productiveness and its relative stability, 
in crops (Hyde). 

6. Continuity and convergence of lines of dispersal. 

7. Location of least dcjxrndcnce upon a restricted habitat. 

8. Continuity and directness of indindual variations or modifi- 
cations radiating from the center of origin along the highways of 
di.s{>ersal. 

9. Direction indicated by biogeographical affinities. 

10. Direction indicated by the annual migration routes, in birds 
(Palmen). 

Some of these tests have long been utili/eil, but. so far as I 
have Inren able to learn, all have not lx.'en definitelv used for this 
|>articular purj)ose. The fifth (pr(Kluctiveness) is ver\- clo.sely 
related to the second (dominance). It is ver>' well known that 
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often plants and animals taken from their indigenous country to 
a new one, require a very favorable haUtat in order to live. 
Hollick ('93, p. 196) and Cowles ('01, p. 105) have called atten- 
tion to certain plants of more general distribution in the South, 
which in the North occur only under very favorable or restricted 
conditions. This change of habit and habitat with divergence 
from the center of dispersal is a subject worthy of special atten- 
tion. If Osbom's law of adaptive radiation is of general applica- 
tion, we should expect just such a change in habitat as has been 
noticed to accompany the divergence from the original home. 

The eighth deserves some special attention on account of the 
present active interest taken in the study of individual variation, 
to which reference will be made later. The direction of biogeo- 
graphical affinities and convergence of lines of dispersal, as has 
been shown, first called my attention to the Southeast. 

Outlets or Highways of Dispersal from the Southeast. 

. Next in importance to the centers of origin themselves are the 
highways from and to these regions. From the Southeast we 
have several very well-marked outlets, as follows : 

1. The Mississippi Valley, and valleys of tributary streams: 
the leading outlet. 

2. The Coastal plain, leading along the Atlantic seaboard north- 
ward, and along the gulf coast to Florida, and the Southwest. 

3. The southern Appalachians and adjacent plateaus, forming 
an outlet to the North. 

These are the principal paths of dispersal ; two are lowland, 
one is upland. The lowland highways have functioned not only 
for the Southeast, but also for the fauna of tropical origin, as 
Webster ('98, p. 72) has shown to be the case for the chinch- 
bug, which has pushed into the United States via Florida and the 
West Indies and also from Mexico. Of course, these outlets 
may serve also as inlets from other regions. 

Aquatic life has been greatly favored by the Mississippi River 
system. From the Southeast, the Tennessee River has un- 
doubtedly been the leading outlet ; and next, perhaps, the Cum- 
berland River. Formerly the ancient Appalachian River (/. ^., 
the Tennessee above Chattanooga plus the Coosa- Alabama River) 
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in the Appalachian Valley, was an important highway for 
aquatic life, and the valley remains to the present time a highway 
for land forms. 

Desirability' of Studyinc; the Variations or Modifications in 

Animaij> and Plants as They Diverge From Their Center 

OF Origin Along Their Lines of Dispersal. 

With the increased interest which is now being shown in the 
study of individual variations of plants and animals, it is of value 
to sec the relation which such studies have to the highways of 
dispersal, and vice versa. The real importance of this relation 
does not seem to be fully realized. This fact is apparent when 
the geographical variations are largely expressed in terms of the 
cardinal points, instead of in their relation or deviation from the 
center of dispersal or changed environment. On account of the 
topographical relations and past climatic changes of our country, 
most of the migrations have been deflected more or less to the 
North or South, and thus such expressions apply in general. 

A few ])oints will be mentioned to which special attention is 
directed : 

I. Variation in size, its diminution from the central area. 
Allen ('76, p. 310) has shown that in North America birds and 
mammals of austral origin tend to increase in size to the South, 
while those of boreal origin tend to decrease in size. How gen- 
eral the application of this law is among other animals, has yet to 
be determined, nor is it known how much the paths of dispersal 
may influence this. This seems to show concentric divergence 
from the center of origin. Allen ('71. p. 92) has also called at- 
tention to important variations in the size of *' peripheral organs '* 
in birds, such as the tiil. beak and claws. Weed ('92 and '93) 
has published two interesting papers on the geographical varia- 
tions of the harvcst-spitlers, which show that they increase in size 
of lx)dy and length of legs to the South. 

Jordan ('93, p. 23), in sjx:aking of the increase in the number 
of vertcbne in fish toward the North, says : •* In most cases, as 
the number of vertebra: increases, the body becomes projx>r- 
tionally elongate. As a result of this, the fishes of the Arctic 
waters are. for the most |>art. long and slender, and not a few of 
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them approach the form of eels. In the tropics, however, while 
elongate fishes are common enough, most of them (always ex- 
cepting the eels) have the normal number of vertebrae, the greater 
length being due to the elongation of their individual vertebrae, 
and not to their increase in number." The relation of these 
changes to paths of dispersal appears to be close, in some cases 
at least, as Jordan ('oi, p. 566) emphasizes that there is a North 
and South trend of the lines of distribution of shore fishes. 

2. Very closely related to the above law of size and that of 
dominance of a type in its native home is another formulated by 
Hyde ('96, p. 575) of the U. S. Department of Agriculture, con- 
cerning the productiveness of crops. He says : •' Entirely inde- 
pendently of whether the average yield per acre be high or low, 
the nearer the approach to the region to which a product is in- 
digenous, the more uniform will be the rate of production from 
year to year ; and the farther the departure from such region the 
greater the liability to fluctuation. This law clearly indicates 
the greater stability in the indigenous area, and increased varia- 
bility, with departure from that center. The close relation of the 
law of size and Hyde's law of productiveness indicates a general 
tendency which is surely of considerable economic as well as 
scientific importance, especially with regard to the introduction 
and acclimatization of foreign plants and animals. 

3. The continuity and directness of the individual variations 
along diverging lines of dispersal is of considerable importance. 
This fact was impressed upon me by the study of a very exten- 
sive collection of gasteropod shells from many localities in the 
Tennessee River system.^ There are two very distinct types of 
shells, which intergrade more or less, in a progressive way, as 
one passes down stream from the head-waters ; one extreme 
type being in the head-waters and the other farther down stream. 
It is the degree of continuity or progressiveness in the deviation 
of the characters which clearly points in definite directions, and 
emphasizes the necessity of a study of series taken along the 
lines of dispersal. 

In the case of the land fauna the situation is much more com- 
plex, yet if highways of dispersal are considered analogous to 

*Proc. A. A. A. S., 1900. 
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streams, wc arc furnished with a good working hyptithcsis, since 
the convergence of these lines points to a center of dispersal. 

4. The study of variation is essentially a study in biological 
dynamics, because the lack of stability is the very characteristic 
considered. The close relation between centers of origin and 
highways of dispersal emphasizes the desirability of considering 
faunal and floral areas from the same dynamic stantljmint. By 
this method we can understand the relationships and form of these 
areas much better. Such areas arc dynamic ccnttrs from wliich 
tension lines and zones radiate ; and the genetic relationships of 
these areas can only be determined by a study of the present and 
past dynamic relations. An important step was made in this 
direction when Gray and Merriam (Merriam, '90, p. 34) recognized 
that our North American flora and fauna arc composed of taro 
elcmi Mts. boreal and austral, each tending to move from its center 
of origin. 

From a d>'naniic and genetic standpoint, the limits and ngnifi- 
cance of life areas take on a new meaning and importance when, 
as it were, we stand at the center or focus of dis|>crsal, and look 
outwarti. From this point of view we look upon the life of a 
region as constantly diverging or radiating from its original home 
and the parental stock, encountering new conditions of environ- 
ment and becoming modified in both habits and structure. The 
continuity in variations, which is one of the most marked char- 
acteristics in the geographical variations, can be s:ifely determined 
only by the study of the form along its highways. The paths of 
dispersal are the lines along which wc may expect the hereditary 
ractors to show their influence most di.itinctly. .^Vgain, these 
paths bear the same relation to each other as the branches of a 
phylogcnelic tree, and may tlicreforc be compared with such 
branches. In phylogenctic studies the most fruitful results do 
not come from a comj^arinon of the tijKi of the differcni branches 
but from a study and comparison of forms along the same branch 
and therefore of common dc.teent. 

Wc ouy with advantage cany tliis comparison still fiirtlicr, and 
consider the genetic iclationthips which faunal area.* bear to each 
other. The lines of kinship are shown primanly along the lines 
of ditpenal. Hetc, u before, it is not to the relationships which 
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exist between the terminal branches on which we are to focus 
our attention, but to those affinities which exist along the high- 
ways toward the center of origin. The double origin of the 
North American fauna and flora will illustrate the present stand- 
point. The lines of dispersal may be represented by two trees, 
one with its roots in the North, and the other with its roots in the 
South, and whose branches intermingle. From these two centers, 
life has radiated in all possible directions, but on account of the 
North and South trend of the topography the lines of dispersal 
have, in the main, been North and South. For this reason the 
general lines of kinship are likely to be most strongly expressed 
in these same directions. 

It is a very fundamental law that most forms of life are con- 
fined to restricted areas and only a small number have extensive 
distribution. Thus, from the centers of origin there is a constant 
decrease, or attenuation in the number of forms which have been 
able to depart far from the original home. From this standpoint, 
therefore, the question arises as to what criteria are to be used in 
the determination of life areas. Should more stress be laid upon 
the concentric relations, or degree of attenuation, from the cen- 
ter of dispersal, or, on the other hand, upon the genetic affinities, 
such as exist along the lines of dispersal? Are the natural 
affinities better expressed zonally or dendritically ? In one case 
the tree is horizontally truncated and in the other the branches 
are torn apart. 

Surely the genetic and dynamic standpoint, which attempts to 
explain the life of an area in terms of its origin, favors, as a work- 
ing hypothesis, a trial of the dendritic method. The method of 
work here suggested will put faunal studies upon a distinctly 
genetic basis. 

From the relationship which exists along the lines of dispersal, 
we draw an important practical conclusion. In collecting a series 
of animals for the study of variation, one of the first things to be 
done is to determine its means and highways of dispersal and 
then secure material from along these lines. This will greatly 
simplify the study of land forms, because in this manner we have 
a clue to determine which localities are likely to be the most 
important, and upon these we may concentrate our attention. 
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5. The geographical distribution of color variations is a subject 
which it is very desirable to study from the standpoint of geo- 
graphic origin as well as from that of climatic influences. Allen 
('71, 'T2, '74, *^^ and '92), especially, has given much attention 
to the formulation of the laws of geographic color variation 
among North American birds and mammals, and correlates some 
of these variations with that of moisture. Ridg^^'ay i^ji) has 
also an important paper on color variations in birds. Keeler 
(*93) and Hasbrouk ('93) arc referred to for further information 
on color variations. These papers give numerous cases showing 
that species of wide distribution change in color in different 
localities. These papers cannot be discussed here, but deserve 
to be much better known. 

Sl'MMARY. 

First. In general the fauna and flora of Northern United 
States Kast of the Great Plains are geographically related to those 
of the Southeast and this geographical relationship points to an 
origin in the direction of the Southeast except in the case of the 
distinctly lx)real forms. 

Second. The abundance and diversity of life in the Southeast 
indicates that it has been, and now is, a center of dis|x:rsal. 

Third. The relicts indicate that the Southeast has been a 
center of preser\'ation of ancient tyjxjs, and the endemism shows 
that it htis been a center of origin of tyjxrs. 

Fourth. There are two distinct Southern centers of di.s|)ersal 
in tcm|)crate United States ; one in the moist Southeast, and the 
other in the arid Southwest. 

Fifth. Ten criteria, aside from fossil evidence, are recognized 
for determining the center of origin or the locality of di.sjxrrsal : 

1. Location of the greatest differentiation of a tyjK*. 

2. IxKralion of dominance or great abundance of indivitluals. 

3. Location of .synthetic or closely related forms. (Allen.) 

4. Location of maximum size of individuals. (Kidgway, 
Allen.) 

5. Location of greatest productiveness and its stal)ility. in 
crops. (Hyde.) 

6. Continuity and convergence of Hnes of dis|Krsal. 
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7. Location of least dependence upon a restricted habitat. 

8. Continuity and directness of individual variations or modifi- 
cations radiating from the center of origin along the highways of 
dispersal. 

9. Direction indicated by biogeographical affinities. 

10. Direction indicated by annual migration in birds. (Palmen.) 
Sixth. There are three primary outlets of dispersal from the 

Southeast : 

1. The Mississippi Valley and its tributaries. 

2. The Coastal Plain. 

3. The Appalachian Mountains and adjacent plateaus. 

The first two have also functioned for tropical types, and the 
third for boreal forms. Dispersal is both forward and backward 
along these highways. 

Seventh. The individual variations of animals and plants, such 

as size, productiveness, continuity of variation, color variation, 

and change of habit and habitats, should be studied along their 

lines of dispersal and divergence from their center of origin. Life 

areas should be studied as centers of dispersal and origin, and 

hence dynamically and genetically, 
Hull Zoological Laboratory, 

University of ChicacK), December, 1901. 
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THE INTERNAL INFLUENCED THAT ^DETERMINE 
THE RELATIVE SIZE OF DOUBLE STRUC- 
TURES IN PLANARIA LUGUBRIS. 

T. H. MORGAN. 

In a previous paper ' I attempted to determine what internal 
factors regulate in planarians the limit of size of each of two 
heads when such are present. Two conditions appeared to have 
an influence on the result : (i) The width of the region connect- 
ing the part to the rest of the organism, (2) the length of the 
new part. By the following experiments I have attempted to 
gain the further insight into the conditions : 

In one series the planarians were split lengthwise into unequal 
parts, as shown in Fig. i ; or else the head was first cut off, and 
then the posterior piece was split lengthwise, as shown in Fig. 2. 
Under both of these conditions the head on the smaller piece is 
much smaller than that on the larger part. The purpose of the 
experiment was to see if by abundant feeding the size of the smaller 
head could be brought up to that of the larger ; or whether its 
size is determined by the width of the region connecting the 
small head viith the larger piece. If the longitudinal cut does 
not extend as far posteriorly as the old phar>'nx, a new pharynx 
docs not, as a rule, come into the smaller part. If, however, the 
cut is extended posteriorly as far as, or beyond, the old pharynx, 
a new one may come into the small part. The same end can be 
reached by cutting off the worm in front of the pharynx as 
shown in Fig. 3, and then splitting the posterior piece lengthwise. 
The side piece will be, of course, shorter in the last case. 

The results show that the size that the new smaller head at- 
tains is determined largely by the presence or absence of a new 
phar>'nx in the small part. 

The following cases will serve to illustrate some of the ways 
in which the regeneration takes place. A narrow piece was split 
off in one case as shown in Fig. I . A small head developed at 

I f(0mx*t Arthiv, XIII., I90I. 
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its anterior end, but there was no pharynx present. The small 
piece was attached to the main body at the side and just in front 
of the anterior end of the pharynx, Fig. 4. Five months later 
it had not grown any larger (although the worm was kept well 
fed), but, in fact, appeared to be smaller than at first. Fig. 6. In 
two other cases the split had extended so far back that a pharynx 
developed in the small piece. Fig. 5. A tail also grew out at the 
new side behind the new pharynx. Subsequently the two pieces 
pulled apart. In another series the old head was cut off by a 
cross-cut, and then a split made down one side, right or left. Fig. 
2. The condition of the two heads a month and a half later is 
shown in Figs. 7. 8, 9. In the first and second cases a phar>'nx 
is absent, but in the third a phar>'nx has developed in the middle 
of the smaller worm. The latter condition of these three worms, 
five months after the operation, is shown in Figs. 10, 1 1, 12. In 
the first the head at the side is smaller than it was before ; in the 
second it has remained about the same size ; while in the third, 
which contains a phar>'nx in the smaller piece, the head and the 
piece as a whole have increased in size. 

In another series the he.ids were split exactly in the middle 
line. In some of these the split was made only in the anterior 
end — the cut not extending posteriorly to the phar>'nx — in others 
the cut extended into the phar)'n.x region. In other cases the 
head was first cut off and then the worm split in the middle line. 
When the head was split for only a short distance, each half com- 
pleted itself — if the parts were kept from reuniting — as shown in 
^*K- '3- The head remained smaller in size than the normal 
head, and even .ifter seven months had not increased any further 
in size. The inner sides of the heads were a little smaller in size 
than the other. If the split extends further f>ostcriorly ' the new 
heads become larger than in the last case, but still not full size. 
Fig. 14. 

If the cut extends into the region of the phar>'nx so that two 
proboscides are fonned, one in each half, Fig. 15, the two new 
heads apj)car to l>ecome larger than in the preceding case, but 
still do not .ittain full size. I^ach ap])ears to Ixr proportion.ite in 
size to the part of the body on which it is found, and its sijc is 

* The old hcAd had been first cut oti. 
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determined by that of the rest of the part. If the latter should 
grow to the normal full size the heads would, no doubt, also be- 
come full size. Since the parts would become full size if they 
were separated from each other the explanation of their failure 
to enlarge beyond a certain size is unquestionably connected with 
the fact of their union with each other. Very often the pieces 
partially reunite after the operation, and two proboscides are 
formed as shown in Fig. i6. In such cases the body at, and 
beyond, the region of the proboscis is broader than normal, and 
in consequence the heads at the anterior ends may be larger th^n 
when only a single proboscis is present, as in Fig. 14. 

In order to see how important a factor the extent of the sur- 
face regenerating a head is, as compared with the size of the area 
of union of the parts, the following experiment was made. The 
old head was first cut ofT, and then by an oblique cut, as shown 
in Fig. 17, a triangular piece was partially cut ofT. Pieces of 
this sort tend to unite and must be for a time kept apart. The 
new head develops on the anterior cut surface of the triangular 
piece, and the other head on the anterior edge of the oblique cut 
surface. A new pharynx develops along the posterior edge of 
the oblique cut in some cases. Fig. 18 and 20, in others not. Fig. 
19, depending, in part, on the extent to which the pieces are 
kept apart after the operation, in part on the nearness of the cut 
to the region of the old pharynx. As soon as the two new 
heads have been fully formed it is seen that their size bears no 
relation to the fact that one has developed on the cross-cut sur- 
face and the other on the oblique surface. Their sizes depend 
rather on the size of the part from which they have developed, 
Figs. 18, and 19, and whether a new pharynx has appeared in the 
triangular piece, and also on the relation of the part to which 
they belong to the rest of the worm. The following examples 
may make this clearer. In the first case. Fig. 18, the triangular 
piece has rather a broad attachment to the other part and con- 
tains a pharynx. The larger of the two heads belongs to the 
old part. In the second case. Fig. 19, the triangular piece is 
much smaller and ends in a smaller head. It does not contain a 
pharynx and is attached to the other part by only a narrow area. 

The third case, Fig. 20, shows that the triangular piece is 
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united to the other part by only a narrow connection. It con- 
tains a pharynx, and a new tail has begun to grow out near the 
area of attachment. This piece pulled apart later. Practically 
the same results were obtained when the pieces were cut as 
shown in Fig. 21. In this case the worm was first cut in two 
near the old pharynx and then by means of an oblique cut, the 
triangular piece was separated in such a way that a part of the 
old pharynx was left in each piece. A new pharynx developed 
in both pieces, and the same relations between the sizes of the 
new heads, that were described in the first and third cases above, 
hold here also. 

Conclusions. 

The results show clearly that the presence of a pharynx in a 
new part is an important element in the subsequent growth of the 
part. A part containing within itself a new pharynx behaves 
more like an independent worm. The most natural interpreta- 
tion would be, perhaps, that this is due to the part being able to 
feed for itself; but while this may to some extent account for the 
result, yet is probably not the whole explanation. My reason 
for thinking so is that when the animal feeds the digestive tract 
of the side piece is also filled with food material. If, therefore, 
the planarian is kept well fed, the side piece does not lack food 
material even where there is no pharynx in this part. 

There are some facts in connection with the mode of regenera- 
tion of planarians that may throw some light on this lack of en- 
largement of pieces without a pharynx. If the anterior end of 
a worm is cut oflf, the new pharynx appears, in the anterior piece, 
at the posterior edge of the old material. It is, at first structu- 
rally, too, the head. If the piece is fed so that the old part loses 
as little as possible, a new region is intercalated in front of the 
pharynx, and this region continues to enlarge until the normal 
proportions have been attained. Again, if a piece of Ptanaria 
lugubris is cut off behind the old pharynx, a new head arises at 
the anterior end, and a new pharynx, also at the anterior end just 
at the border between the new and the old parts. The head and 
pharynx are in this case also too near together, but a new region 
of growth is established between the head and the pharynx so 
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that the two are carried further and further apart. These r 
show that the principal growing region in the new worms lies in 
front of the pharynx, and it is conceivable that in the absence of 
the pharj-nx this region of growth is not formed. 

The inHuence of the wiilth of the region of attachment — a fac- 
tor to which I ascribed some influence in my last paper — should 
also be taken into account here. If a pharynx is present in the 
part the area of union seems to play a less important role than 
when there is no pharynx present. It is probable that it is not 
simply the area of union as such that plays the important part, 
but it is the connection between the internal organs— possibly the 
digestive tract — that is chiefly involved in the result. 
The Fokmation op Hbteromori'hic Muds in Plavakians. 

The formation of a hclcromorphic head in Hanaria luf^bris, 
when the old head is cut off just behind the eyes, has been 
described in several of my preceding (lajjers. In the past sum- 
mer I succeeded in obtaining one such case in Ptanaria marulafa, 
but only after a lar^e number of trials, luid furthermore in this 
successful case the cut was not immediately behind the eyes, at 
seen in Fig. 22. At the same time I cut a large number w 
worms into short cross-piece*, kccjiing all jmcccs of the same 
length together. To my surprise I found that the only piece* 
that produced a head at the posterior end, as well as at the 
anterior end (Figs. 23 and 24) were those taken just behind the 
old pharynx in the rc^on of the reproductive pore. Two possi* 
bilities suggest themselves, viz., the presence of the reproductive 
organs in the piece, or the cut being made through the region at 
whkh this planarian pinches off pieces of itself to form new 
worms. If the posterior edge of the cros«-|>!eee lay in the 
region of constriction, Mhere the new head of the new worm 
would develop, it is conceivable that this might cause the dc> 
velopment of the hetcromorphic head in the cross-piece. A 
mmilar scries of cross-cuts ucre made on Hanaria lugubris, but 
double-headed pieces were never formed on the cross-pieces from 
the n^on of the reproductive jxitt:, In this spcdc«, however, 
new worms are not formed normally by pieces constricting off 
from the posterior ertd. 

Neither of these possibiliticK seems to me to frrve a sati<&ctor>' 
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explanation of the presence of a heteromorphic head. In order 
to see if any internal condition is present in these double forms 
that may account for the results, the two preceding pieces from 
the posterior end, as well as two other similar pieces, were cut into 
sections. In three of these no pharynx was present, but parts oi 
the old reproductive organs were present in the middle of the 
piece ; in the fourth a pharynx was present, but the pharyngeal 
chamber did not open to the exterior. There was nothing in the 
presence of the digestive tract to give a clue as to the cause of the 
development of a heteromorphic head. It is true that the branches 
of the digestive tract were united behind, but this in itself furnishes 
no proof that such a union can account for the result. The sec- 
tions show that a brain, nerve-cords, and eyes are present in both 
heads. Whatever the factors are that determine the result, the 
fact that the heteromorphic head appears only in short pieces 
will probably also have to be taken into account, for it is very 
improbable that a heteromorphic head would appear if whole 
worms were cut through in this region. 

Bryn Mawr, Pa., May 25, 1902. 



PRELIMINARY NOTE ON THE PRESFINCE OF A 

NEW GROUP OF NEURONPIS IN THE DOR- 

SAL ROOTS OF THE SPINAL NERVES 

OF THE WHITE RAT. 

SHINKISHI HATAI. 
( Fn>in the Neurological LAboratory of the University of Chicago. ) 

While the writer was examining a large number of prepara- 
tions of the spinal cord of the white rat at different ages, in order 
to determine whether the so-called ** Hoffmann's nucleus," de- 
scribed recently by von Kollikcr (** Weitere Beobachtungen ueber 
die Hoffmannschen Kerne am Mark der Vogel ;** Anat. Anz., Bd. 
XXL, No. 3 u. 4, 1902), appears in the central nervous sy.stcm 
of mammals, his attention was drawn to a group of nerve cells in 
the dorsal roots of the spinal ncrxes. 

The s|)inal cord of the white rat examined does not have an 
isolated group of efferent neurones in the region where it was 
found in the spinal cord of birds. Hence the nucleus of Hoff- 
mann is not present in this animal. A new group of cells was, 
however, noticed in the dorsal roots, separated from the spinal 
ganglia and lying between the spinal ganglion and the cord. The 
shape and structure of the cell -bodies found in this new group 
coincides with that of the cells in the spinal ganglia, and further, 
the size of the cells found in this group is approximately similar 
to that of the cells in the corresjx^nding ganglion. The cell-body 
is well formed and contains one large nucleus in which one 
nucleolus genenilly, or sometimes more than one. is visible. The 
stainable masses are present in the cytoplasm, showing a char- 
acteristic arrangement ; the latter substance stains red with eosin 
with the same intensity as th«it of the spinal ganglion cells. In 
ever>' resjKCt the cells which belong to the new group are similar 
in apj>carance to the cells of the spinal ganglion. It is easy to 
.see that the cell bodies are surrounded bv a connective tissue 
capsule, in some instances, the capsule is more highly develojxrd 
than that of the spinal ganglion cells. 
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The group just mentioned has been thus far found only in the 
dorsal roots of young white rats having a body- weight of 4, 5, 6 
and 7.5 grams respectively, and in an adult gray rat; suitable 
preparations from the spinal cord of the adult white rat not being 
at the moment available. 

The exact location of the new group of cells differs at different 
levels of the spinal cord. The above statements on the general 
character of the cells found, as well as the following description, 
is based on a study of the young white rats alone. 






Semidiagrammatic illustration of the cross section of the spinal cord of the white 
rat: I, lumbar cord; 2, thoracic cord; 3, cervical cord, a = posterior root; 
b = anterior root ; c = spinal ganglion ; d = new group of the cells. 

In the lumbar region, these cells lie in the dorsal root fibers 
rather near the spinal ganglion, where the root enlarges slightly 
and forms an extension ventrally (Fig. i ). This local enlarge- 
ment, however, is due to the fact that at this point the dorsal 
root fibers take a somewhat wedge-shaped course and the nerve 
cells lie around the pointed tip of the wedge. The total number 
of the cells seems to vary according to the individual. A single 
section, 6 micra thick, contains usually one or two cells, though 
sometimes more can be seen. Since the preparations employed 
were not made for the purpose of the present investigation and 
did not form a complete series, the writer was unable to deter- 
mine the total number of the cells contained in one nerve root. 
In one case 26 cells were counted in twenty-three successive 
sections through a single root. 

In the thoracic region the cells are located in an enlarged 
portion of the dorsal root as in the lumbar region (Fig. 2). The 
total number of the cells in the thoracic root seems greater than 
in the lumbar root. 

In the cervical region this cell group is slightly modified. The 
cell-bodies lie within the dorsal root where it exhibits a slight 
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enlargement (Fig. 3). In general the cell group is found nearer 
the cord. In this region, the group seems to contain a smaller 
number of the cell-bodies than at the lower levels. 

From the above it is clear : First, that these cells are located 
within a definite region in the dorsal root, not scattered, but form- 
ing a group. Second, the cells are contained within well-devel- 
oped capsules as in the case of the mature spinal ganglion cells. 
The latter fact shows that the cells found in this group are not at 
this time migrating, since niigration could not occur after the 
formation of the capsule. The detailed investigation of this cell- 
group is now in progress, and the suggestion of a name for it is 
reserved until a more complete examination has been made. 
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ABNORMALITIES IN THE CESTODE MONIEZIA 

EXPANSA. III. 

(Continued^ 

3. Origin of the Abnormalities. 

The preceding description has rendered it evident that the pro- 
cess of proglottid-formation begins deep within the body and only 
gradually becomes visible on the surface. The external features 
of the proglottids, their contours and the furrows which appear 
between them are only indications of the localized growth that 
has taken place within the body. Since the primary region of 
proglottid-formation is the central parenchyma, and the process 
extends only secondarily to the peripheral parenchyma, it is the- 
oretically possible that a proglottid might be formed in the cen- 
tral parenchyma without becoming visible on the surface as an 
area of localized growth bounded by furrows. There is some 
evidence that such a condition occasionally exists. Its discussion 
is postponed to a later section of this paper. In general, how- 
ever, the furrows and their external features are simply the visible 
signs of internal processes of certain kinds and intensities. This 
being the case, variations in form and structure of the proglottid 
are the consequence of variation in the formative processes. 

{a) Variation in Form of Proglottids, 

The division of the variations into two groups, non-spiral and 
spiral variations, which was adopted in Parts I. and II., is retained 
here for convenience. The imperfect or partial proglottids are 
considered first as showing the simpler forms of variation. A 
study of the abnormalities of this group shows very clearly that 
all are simply incompletely developed proglottids, either fused 
with others or separated from them by furrows. 
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Part I. {Child, 'oo) was devoted to the description of cases of 
this kind and the Pigs. 2—23 show a large variety. Bearing in 
mind the method of formation of each proglottid from the two 
distinct lateral groups of nuclei in the central parenchyma, (. c, 
from two separate right and left halves which later become 
united, it is not difficult to understand how the conditions repre- 
sented in Figs. 2-23 have arisen. 

The cases which differ least from the normal form arc those in 
which the furrows between two prc^lotdds are interrupted at some 
point or points (c. g.. Figs. 1 I, I2, 13, 15, 16. etc.. Part I). In 
these cases the proglottids arose in nearly the normal manner. 
The growth of the two, however, has not been sufficiently dis- 
tinctly localized to cause the apjtcarance of complete furrows. 
The \-arious degrees of fusion are indicated in each case by the 
extent and distinctness of the furrows and the condition of the 
genital organs. The furrows on the two surfaces of the body 
may or m.iy not correspond in cases of this kind, /. e., the growth 
may be more distinctly localiied on one surface than on the other 
or may be alike on both. 

In all of the cases just noted, right and left halves of each pro- 
glottid arc ]>Tt:M:nt, and each must have been represented origi- 
nally by a more or less distinct group of nuclei. In other cases 
only the right or left half or smaller fractional jxirlion of the pro- 
glottid appears, tlic remainder not being represented. Such 
variations are clearly tlie ainscquence of ihc formation and 
growtli of a proglottidat aniagc on one side of the neck-region only. 
no corresponding group appearing on the opixtsite side (Fig. 18, 
Pt. I.), or el.*e there arc two small groups on one side correspond- 
ing to one larger group on the other (Fig. 9, Pt, I.). Wliether 
the jvirtial proglottid is entirely distinct (Fig. 18, I't. I.) or united 
with a whole pn^lotlid (Fig, 9. It. I.), depends probably upon 
the time of its formation. If two aniagcn arc found on one side 
of the body at the same time that one a}qiears on the oppoMte 
side, tlie two of the one side arc hkely to become connected wilb 
the one of the other, thus producing what apjican to be a partial 
di^-imon of Ihc proglottid in the trans\-crsc plane {/. g.. Figs. 9 
10, etc. Pt. I.). If, however, an anU^ appcan on one sdc with- 
oul any corresponding to it on the opposite side, a partial pro- 
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glottid wholly separated from all others by furrows will probably 
be formed {e, g.^ Fig. i8, Pt. I.). These variations consisting of 
half-proglottids or smaller fractional portions cannot be sharply 
separated from the preceding group in which both halves are 
present, but imperfectly defined. As is evident from the figures, 
all gradations occur. The one extreme approaching the normal 
condition consists of two or more well-defined proglottids with 
scarcely interrupted furrows {e, g,, Fig. 12, Pt. I.). In many 
other cases both halves of each proglottid are present, as indi- 
cated by the genital organs, but those of one side, right or left, 
are not sufficiently distinct to cause the appearance of normal 
furrows {e, g,. Figs. 11 and 16, Pt. I.). In most of these cases 
one of the imperfectly separated halves is reduced, the reduced 
portion being always the anterior, /. ^., the later in time of 
formation (Figs. 10 b, 16, 17, 19, 21, 22 ^ and rf, Pt. I.). The op- 
posite extreme is reached in those cases where the proglottid 
appears only on one side of the body, not being represented in 
any way on the opposite side (Figs. 9 and 18, etc., Pt. I.). 

It should be noted that all imperfect or partial proglottids 
occur either in the right or left half of the body or in both, never 
in the middle region only. This fact must be interpreted as indi- 
cating that they are the result of imperfect development either 
of the right or left proglottidal anlage or of both. If the normal 
proglottid were formed by simultaneous differentiation and growth 
all the way across the body, there seems to be no good reason 
why abnormalities should not appear near the median line without 
reaching the lateral margins as often as they occur in the right 
or left side. Each proglottid arises, however, from two distinct 
anlagen placed laterally in the central parenchyma and these 
unite secondarily at the median plane. Therefore the conditions 
near the median plane must depend upon the development and 
growth in lateral regions. On the other hand it will be observed 
that none of the variations are confined to the extreme margin of 
the body. All include the region which was occupied by the 
group of nuclei at the time of proglottid-formation. In the 
figures this region lies slightly lateral to the ovaries. 

It is evident that all the facts concerning position, form, extent, 
and distinctness of the imperfect and partial proglottids harmonize 
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with and confirm the observations discussed above, on the devel- 
opment of the normal proglottid. 

The examination of imperfect or partial proglottids in the light 
of the facts gained from the study of normal proglottid-develop- 
ment leads to the following conclusions ; the right and left halves 
of the proglottid pass through at least the early stages of their 
development independently ; either or both may remain incom- 
pletely developed, as regards size, form, or distinctness, or only 
certain parts of one or both may develop, or finally one may be 
wholly absent. All imperfect and impartial proglottids are the 
result of such incomplete development, and in their manifold 
forms illustrate a great number of different combinations of the 
various factors concerned. 

A very early stage of abnormal proglottid-formation is illus- 
trated in Fig. 57. The dotted lines drawn through the figure 
indicate approximately the boundaries of an abnormal region. 
On the left side two half-proglottids are forming, and correspond- 
ing to these on the right is only one. In thi^ case the growth is 
almost wholly confined to the central parenchyma, so that fur- 
rows on the surface are not yet present. Yet I think that there 
can be no doubt that this region represents an early stage of a 
condition similar to that shown in Fig. 9, for example. On the 
other hand, the account of proglottid development has rendered 
it evident that the zones of nuclei represented in Fig. 57 develop 
from the lateral groups of early stages. This case forms in some 
respects a connecting link between the observations upon normal 
proglottid-developmcnt and tfie facts gained from the study of 
older, well-developed abnormalities. It is the only case of abnor- 
mal form ob.ser\'ecl at so early a stigc. 

The spiral modifications of form were described in Part II. 
(Child, 00) and include Figs. 24-37. The simplest form of 
sj)iral is such as apjK-ars in Figs. 24. 25 h and 26 (Fig. 26 is 
reproduced as Fig. "Ji), viz., a single half or fractional proglottid 
united on one surface with the j)roglottid posterior to it, or sepa- 
rated by a furrow as in Fig. 24, and on the other surface with 
the proglottid anterior to it. 

It is of course evident that such a short spiral differs only 
slightly from a fractional proglottid of the .sort which is shown in 
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Fig. 9 (Pt. I.) for instance, the only difference being that in case 
of a spiral the fractional proglottid unites with different pro- 
glottids on the two sides of the body. It appears probable that 
in such cases a slight difference in time of formation of the 
dorsal and ventral portions of the proglottid is the cause of the 
spiral condition. As was pointed out above, the relation of partial 



Fig. 72. 

proglottids to the proglottids posterior or anterior to them probably 
depends largely, if not wholly on the time of their formation. If a 
partial proglottid is formed at the same time as the next posterior 
proglottid, i, e,, a little before normal time, the two will probably 
be incompletely separated. If the formation of the partial pro- 
glottid is retarded slightly it will probably become united with the 
proglottid anterior to it. And lastly, if the time of formation of the 
partial proglottid does not correspond to that of any other it will 
probably be distinct from all others. Applying the same con- 
clusions to the spiral partial proglottids {e. g.^ Fig. 72) it appears 
probable that one side of the partial proglottid the dorsal (upper) 
side of b in the figure is formed at about the same time as the 
proglottid posterior to it, whereas the ventral (lower) side corre- 
sponds in time of formation with c and so becomes united with it. 
Recalling the method of formation of the proglottid, it is easy to 
see that such differences in time of development of different parts 
are at least theoretically possible. The localization of growth, 
which is the essential feature of proglottid-formation, may for some 
unknown reason appear somewhat earlier on one side than on the 
other, just as it appears earlier in the lateral than in the median 
regions of the central parenchyma. 

If now the dorsal and ventral sides of a series of anlagen on 
either the right or left side of the body show similar differences 
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in time of development, a series of spirals may be formed such as 
appears in Fig. 35 (Pt. II.). If the development of the dorsal 
and ventral portions of both right and left anlagen is accelerated or 
retarded the parts show normal relations to adjacent proglottids. 
In some cases a form of spiral somewhat different from that 
just described is produced; in this the furrows on one surface of 
the body bend either anteriorly or posteriorly near the right or 
left margin and so unite with other than the furrows correspond- 
ing in position on the opposite surface. 




hu. 73. 



The only wcll-clovclojKrd case of this kind was shown in Fig. 
36 (Part II. ). Another case approaching this condition was shown 
in Fig. }y. These two figures are reproduced here as Figs. 73 
and 74. lioth are viewed from the dorsal surface. It is evident 
from the figures that the growth is incomplete in the region 
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where the furrows bend. In Fig. 73 the curved portions of the 
furrows near the right margin of the ventral surface are less dis- 
tinct than the other portions, i, e., growth has been less all along 
this region of the body. The appearance of the spiral arrange- 
ment is connected with the condition of imperfect development. 
The proglottid a, Fig. 73, being the most posterior of the series, 
u ^., the first formed, is the starting point of the abnormal ar- 
rangement In this proglottid the anterior part of the right ven- 
tral region shows a progressive reduction in size with approach 
to the margin. Now if the same region in each of the following 
proglottids shows the same imperfect form the anterior boundary 
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Fig. 74. 

will in each case form a curve instead of extending straight to the 
margin. But the anterior boundary of one proglottid is the pos- 
terior boundary of the next anterior ; thus the area which would 
normally be included in a becomes the part of b, etc. The in- 
distinctness of the curved portion of the furrow is due to the ab- 
sence of the fold which normally arises at the posterior border of 
each proglottid. In the regions where the boundary between the 
proglottids is transverse the fold and inter-proglottidal glands are 
developed as usual. 

In Fig. 74 there is a close approximation to a spiral as the re- 
sult of incomplete formation of the proglottids. The curve at 
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the left end of each of the dorsal furrows is clearly due to a pro- 
gressive reduction and final cessation of proglottidal growth in 
the region under consideration. 

It is the left posterior dorsal portion of each proglottid which 
has failed to develop fully in this case, while in Fig. 73 it was the 
right anterior ventral portion. If development in Fig. 74 were 
complete enough to cause the formation of furrows all the way 
to the margin a spiral would be formed opposite in direction to 
that in Fig. 73, simply because of the diflercncc in position and 
relations of the imj^erfectly developed regions. But the furrows 
on the dorsal surface curve to such an extent that they do not 
reach the margin at all. On the ventral surface there is no re- 
duction of the proglottids, but they are not differentiated at the 
extreme margin. Consequently the left margin of the region 
b'C'd is not divided into proglottidal regions. 

A knowledge of the arrangement of the transverse nerve-com- 
missures in regions of spiral variations of this kind would be most 
interesting and valuable. 

The spiral variations afford further illustrations of the inde- 
pendence of the right and left proglottidal anlagen. In general, 
the spirals are due to some irregularity in time of growth and 
differentiation of parts, or to incomplete growth in either the right 
or left half of the body. A variation of this kind having appeared 
in a single proglottid shows a certain tendency to reappear on the 
same side in a number of proglottids (<*. i^.. Figs. 73 and 74). 

The condition and development of the furrows cannot be re- 
garded as an exact indication of the conditions in the proglottids 
which they bound, though a study of the arrangement of the 
reproductive organs in the abnormal proglottids shows that the 
furrows do indicate ver)' closely the degree of development or 
distinctness attiiined. 

But since the earliest stages in proglottid-formation occur only 
in the central j>arenchyma. the formation of inter-proglottidal fur- 
rows on the surface of the body being a later process, it is evi- 
dent that a j)rogIottid may attain a certain degree of development 
without being represented by furrows on the surface. That such 
cases do actually occur was [x)inted out in Part I. (<•. g.. Fig. 10, 
b, p. 226 ; Fig. 20, /, g, pp. 240-241). In Figs. 10. b, and 20, 
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/, g, there is a partial duplication of the reproductive organs, but 
no furrow between the two sets. Here the causes leading to 
localization of growth have not affected the outer parts of the 
body. The genital organs are always reduced in cases of this kind. 

Furthermore, it is possible that the furrow may not coincide 
perfectly with the boundaries of the proglottid in the central pa- 
renchyma. The growth in the peripheral parenchyma may be 
reduced or modified in such a. manner as to change the direction 
of the furrow so that it no longer indicates the exact boundary. 
A very distinct case of this kind was shown in Fig. 38, Part II., 
at w, and discussed on page 280, and it is possible that the ob- 
lique furrow between c and d in Fig. 38 is another case (p. 
283, Part II.). 

It is probable that in many cases furrows which curve anter- 
iorly or posteriorly do not correspond to the exact boundaries of 
the proglottids. Curved furrows of this kind always indicate 
incomplete development in the peripheral parenchyma, but the 
central regions may often be more perfectly developed than the 
furrows indicate. 

The preceding discussion of a few typical cases of form-varia- 
tion in the proglottids renders it sufficiently evident that all of 
these variations are due to incomplete development of some part 
or parts, or of the whole proglottid. One of the two anlagen 
may be absent or may become united with the next anterior or 
posterior to it. Either or both may fail to attain full size or 
normal form. 

The inter-proglottidal furrows are the chief external indications 
of internal conditions of growth and development. But the 
structure of the genital organs in some of the imperfect proglottids 
indicates a somewhat more nearly perfect condition than that 
represented by the furrows. 

Throughout the whole series of form-variations no new 
methods of growth or proglottid-formation are indicated. All 
variations absorbed are simply failures to attain full development. 
They illustrate very clearly the independent development of each 
of the two anlagen. 

Variations in the form of the proglottids — abnormalities — are 
extremely common in Moniezia, much more so than in most 
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Cestodes. This condition is perhaps connected in some manner 
with the fundamental structural or physiological characteristics of 
the form. 

An inquiry as to the causes of the frequency of form-variations 
in Moniezia may therefore concern itself first with the normal 
anatomy and physiology. A few suggestions as to some of the 
possible factors concerned are made here in the hope of throwing 
some light upon this problem. First, the method of formation of 
the proglottid, its appearance in two separate parts which later 
unite, must favor to some extent the development of abnormalities, 
for a slight variation in position or time of appearance of the anlagen 
may apparently effect the extension and union of the anlagen of 
the two sides. It is not known at present whether the proglott- 
ids of all other Cestodes arise in the same manner. If in some 
the proglottids originate in a single group of cells the chances for 
abnormal development would apparently be fewer. Second, the 
form of the proglottids, the great width in proportion to the 
length favors the appearance of abnormalities. In the early 
stages the proglottids are extremely short and it is evident 
that abnormal union of right and left anlagen must occur more 
frequently than in forms with longer proglottids. Third, it is 
possible that the proglottids of Moniizia possess a lower degree 
of individuality than those of some other Cestodes, /. <•., that they 
are less distinct structurally and physiologically. If this is the 
case then incomplete separation may be expected to occur more 
commonly than in forms with more highly individualized pro- 
glottids. 

The frequency of form-variations differs greatly in different 
specimens. More than half of the cases shown in Parts I. and 
II. were taken from a single chain and represent only a part of 
the abnormalities present. Other sjK*cimens possess in most 
cases only a few abnormal proglottids, but nearly ever)' specimen 
exhibits one or two. We have at present no clue to the cause 
of this difference. It is possible that age may h.ive some influ- 
ence, the older specimens showing a tendency to incomplete 
development. Injuries to the neck-region. <>r the rejx'ated tear- 
ing away of the whole body, or perhaps malnutrition, may also 
favor the appearance of abnormalities, and finally thesj difTerenccs 
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may be due not to age or external conditions but to an individual 
peculiarity. Some may feel inclined to regard this as a reversion 
to an ancestral condition in which the division of the body into 
regions of localized growth was less distinct and regular. 

{b) Abnormalities in the Stnicture of Proglottids. 

Very closely correlated with the variations in form of the 
proglottids are variations in the structure and arrangement of the 
reproductive organs. This close correlation was pointed out in 
detail in all those cases cited in Parts I. and II., in which the 
reproductive organs were developed. Some points of interest 
remain to be considered. 

The relative position in the proglottid of the various parts of 
the reproductive organs was noted in Part I. Each portion has 
a more or less definite relation to the others and to the proglottid 
as a whole. We might expect that a change in the form of the 
proglottid would be accompanied either by a modification in the 
form or arrangement of some part or parts of the reproductive 
organs, or else, in cases of more extreme variation, that some 
portions or all of the reproductive organs would be absent. As 
a matter of fact both of these possibilities are represented. 

Considering first the modifications in form and arrangement of 
the organs without loss of essential parts, we find that consider- 
able departures from the form may occur without apparently in- 
terfering with the function of the organs. Two sets of organs 
may open through a single pore (Figs. 1 1, 22, a, b, Pt. I.; Figs. 
36, by Cy 37, by Cy Pt. II.). In such cases the direction of the 
ducts in at least one of the sets of organs is distinctly different 
from the normal direction, being more oblique. In other cases 
the ducts may run very obliquely toward the margin but without 
uniting with others (Fig. 33, c' , d'\ Fig. 39, a\ Pt. II.). In 
cases of this kind the ducts may be and usually are much longer 
than the normal ducts. In other cases the organs may be nearer 
the margin than normally and the ducts are then shortejp than 
normal. The vas deferens may open directly into the seminal 
receptacle as in Fig. 21, r' (Pt. I.), or two vasa deferentia or two 
oviducts may unite (Figs. 21. a\ 40, 41). 

Reduction in size of the female organs and reduction in the 
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number of the testes frequently occurs in proglottids of less than 

normal size. 

This brief review of these cases only ser\'es to call attention 

once more to the fact that was repeatedly pointed out in Parts I., 

and II., viz., that the form and arrangement of the reproductive 

organs may vary widely in correlation with variations in form of 

proglottid. 

In case the form-variation is extreme, however, parts of the 
reproductive organs may remain undeveloped and these parts 
may be those which are essential for the normal functioning of 
the system. The consideration of these cases leads to the very 
important conclusion that the development of each part of the 
reproductive organs shows a ver>' close correlation with the de- 
velopment of the particular region of the proglottid in which it 
lies. This was pointed out repeatedly in Parts I. and II., and it 
is not necessary to go over all the particular cases again. 

The different conditions represented are manifold. Apparently 
any portion of the organs may fail to appear as this or that por- 
tion of the proglottid fails to develop fully. In case the dorsal 
side of the proglottid is distinct and the ventral is not. only the 
vas deferens and testes appear, these lying in the dorsal region 
of the proglottid (Fig.s. i6. b* \ 17. b\ etc., Pt. I.). If the ventral 
side only is distinct from the adjacent proglottids only the female 
organs or parts of them ap|XJar(r. jr,^ Fig. 22, d, Pt. I.). Ovary, 
testes, and. in some cases, the inner portions of the vas deferens 
and vagina ' may be present, but if the marginal region is dwarfed 
the middle, or terminal portions, or both, of the ducts may be 
entirely ab.sent, or present only in part U. ^., Fig. 39, d, I*t. II.). 
And finally, in extreme cases the reproductive organs may be 
represented only by one or two small groups of cells in the region 
where the ovar)' or vitellarium would ap|)ear if present (Fig. l8» 
Pt. I.). 

It is rather common in cases of this kind to find a marginal 
{X)re and |x:rhaps the cirrus present but entirely unconnected with 
the inner portions of the reproductive organs. Either the ducts 

'In I*art« I. and II. the designation "oviduct" was incorrectly applied to the 
whole female duct, including the vagina. Of course the o\iduct pro|)er is only a 
•mall |M>rtion of thi». I do n<»t think that my use of the word was »uch as to cause 
confnMon in this particular ca»c, but I desire to call attention to the error. 
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leading to the pore are undeveloped (Figs. 22, d, R. I. ; 39, b^ 
Pt. II., etc.), or else they open through another pore (Fig. 21, 
a! , Pt. I. ; Fig. 40, b, Pt. II., etc.). There is in these cases no 
indication of any morphological connection between the pore and 
any other parts that may be present, but it may be that the pres- 
ence of the internal reproductive organs favors in some manner 
the formation of a pore (though not essential). While this con- 
dition occurs so commonly, its complement, development of the 
middle portions of the ducts without a pore at their outer end 
or the internal organs at their inner end, has never been observed 
by me. Thus there is apparently a certain tendency for the 
organs in the central parenchyma and the marginal pore to ap- 
pear, even without connection, while the middle portions of the 
ducts never develop alone. In other words the central paren- 
chyma and the margin are regions of " least resistance." I think 
the absence of the middle portions of the ducts in so many cases 
may be due in part to the fact that these portions traverse the 
thick muscle layers which lie between the central and peripheral 
parenchyma. The ducts, like the other portions of the organs, 
appear first as aggregations of parenchyma-nuclei in a mass of 
undifferentiated cytoplasm. Very few or none of these nuclei 
exist in the muscle layers. Those portions of the ducts which 
penetrate the muscles appear normally somewhat later than the 
outer and inner parts, apparently because the material is less 
abundant here and probably also because the muscle-layers offer 
a certain degree of resistance to the penetration of the ducts. 
Apparently either the outer or inner portions or both grow into 
the muscle-layer and so become continuous. Now it is ex- 
tremely probable that if any tendency to incomplete develop- 
ment of the reproductive organs exists in the lateral regions it 
will show itself first in the region where material is least abun- 
dant and growth apparently most difficult, /. e,, in that portion of 
the ducts which lies in the muscle- layers. This portion might, 
therefore, fail to appear, whereas the outer and inner parts, lying 
in regions where material is more abundant and where no special 
resistance to growth exists, probably do not require so strong a 
stimulus for their development. 

The various abnormalities in the reproductive organs afford 
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ver>' strong evidence in favor of the view that the pnncip;il parts 
of the system develop independently. A glance over the figures 
will show that almost any portion of the organs may be present 
alone. As noted above, the middle portions of the ducts never 
ap]>ear alone and it may be that the ovarj- and vitcllarium always 
appear together. The dependence of the middle regions of the 
ducts on other portions has been discussed. The relation of 
ovary and vitcllarium is perhaps explicable on the view com- 
monly held that the vitellarium represents a modified portion of 
the ovary. The earlic-it stage of the reproductive organs is a 
mass of nuclei in the region where the ovavy and vas deferens 
appear later. This increases in size and gradual!}- differentiates, 
but the study of the abnormalities renders it ^'ery evident that the 
development of the portion which forms the vas deferens does 
not de{>cnd upon the development of the ovarian portion and 
vtrc vrrsa. for the one portion ma)- appear without the other, 
although both a|>|M:ar t<> dilTerentiate from a common mass. 
Testes and vas deferens develop independently of each other, for 
testes apjx:ar in proglottids where there are no vasa defcrcntia 
(Fig. 39. A; l*t. n.) and viif firsa. And finally, the pore and 
terminal portions of the duct^ develop independently of the other 
organs. In the nonii.il proglottids the group of nuclei represent- 
ing the pore, arms, etc., is entirely unconnected in early stages 
with the group regircscnting the inner organs and may appear 
alone (Fig. 19. *5; ("t. I.). The connecting portions of the ducts 
appear later, as was mentioned above. 

We must conclude, therefore, that the lateral reproductive or- 
gan^t arc formed fn)m at least three distinct " centers " or regions 
of independent growth. These may be called the vas deferens 
r^on, the ovarian region, and the terminal region. I'here may 
be others besides these. In addition, the teste* develop in the 
central parenchyma indcftendcntly "f each other and of the lateral 
organs. All cases of the incomplete development of the repro- 
ductive organs arc to be regarded as due to the incomplete de- 
velopment or total obliteration of one or more of these regions. 

It i< iniixMtant to note that in all cases of partial development 
the portions of the reproductive s>'stcm present show apptxixi- 
nutety the some degree of differentiation as the corresponding 
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parts in adjacent normal proglottids, so that it is possible to 
determine in the older proglottids just what parts are represented 
in each case. Evidently then there is no great amount of retar- 
dation in development in the partial or otherwise abnormal pro- 
glottid. Organs once formed develop with the same rapidity as 
those under normal conditions. What is lacking in these abnor- 
mal proglottids is the initial stimulus or the proper condition for 
Malformation of this or that portion. The structure of each ab- 
normal proglottid is as complete as possible for that particular 
form of proglottid. Organs are formed at the same time as in 
other proglottids and those organs which do not appear at the 
normal time are not formed later. There is no decrease in the 
rapidity of development, there is simply the presence or absence 
of a certain form and correspondingly the presence or absence of 
a certain structure. 

In Figs. 37-41 (Pt. II.) variations of another sort in the re- 
productive organs are shown. Figs. 37 and 38 both show cases 
of transverse duplication of portions of the reproductive organs 
on one side of the body. This abnormal condition does not find 
a satisfactory explanation in the form of the proglottid. All 
that can be said at present concerning it is that for some reason 
an extra growth-center, or perhaps more than one, is formed. 
In the two cases cited this gives rise only to female organs, in 
one case (Fig. 38, ^) to a small imperfect ovary and a few groups 
of cells representing the vitellarium, in the other (Fig. 39, c) to 
these organs, and, in addition, a small blind seminal receptacle. I 
have been unable to discover any clue to the causes concerned 
in the formation of these supernumerary organs. 

In Figs. 40 and 41 (Pt. II.) three cases of reversal in position of 
the lateral organs appear. In Fig. 40 the organs of the right side 
are reversed in proglottid b, and in d those of the left side. In 
Fig. 41 another case of the same kind occurs. This peculiar 
variation is evidently correlated with the abnormal form of the 
proglottids. It is, however, difficult to understand why a rever- 
sal should occur in these cases, and not in others where condi- 
tions are closely similar. It does not seem probable that diese 
variations indicate a " reversal of polarity " in those parts of the 
proglottids containing them. Considerable variation in the posi- 
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tion of the organs occurs in normal proglottids. These appear 
to be extreme cases of adaptation in growth to abnormal con- 
ditions. 

The inter-proglottidal glands show numerous departures from 
the typical arrangement and these variations are vcr)' closely 
correlated with the form-variation of the proglottids. The inter- 
proglottidal glands lie along the posterior border of each pro- 
glottid just anterior to the furrow and open into the deepest part 
of the latter. They are absent near the margins of the body. 
In general the glands appear wherever even a small portion of a 
furrow extends beyond the marginal region in which they are 
never found. The glands never appear except in connection 
with a furrow, and they appear only along furrows which are 
transverse or nearly so. In one case shown in Fig. 38 (Pt. II.) the 
furrow becomes oblique, but the glands tend to continue in a trans- 
verse row, and at the anterior end of the oblique portion lie at 
some distance from the furrow and are connected with it by long 
ducts, while at the posterior end one gland lies posterior to the 
furrow instead of in its normal position anterior to it. With 
respect to this case the suggestion was made on page 283, Part 
II., that the rows of glands may coincide with the proglottidal 1;- 
boundaries while the oblique portion of the furrow does not. *^^ 

The glands tend to form along the boundaries but apparently do 
not form at all unless a furrow is present. 

The numerous variations which have formed the subject of this 
j>ajx:r have demonstrated ver)' clearly the close relation between 
form and structure. It remains for us to consider whether the 
variations in structure arc the result of the form -variations or 
whether some common cause underlies both. 

The organs of the proglottid apfX'ar considerably later than 
the proglottid itself If variations in their form and arrangement 
arc due to the same causes as the variations in form of the pro- 
glottid, these causes must be active after the formation of the 
proglottid and must affect the development of the organ in such 
a way as to cause an apparent adaptation to the form of pro- 
glottid. 

The natural and obvious conclusion is, I think, that the devel- 
opment of the proglottidal organs must depend upon the devcl- 
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opment of those regions of the proglottid in which they lie. 
Reduction of any given region means reduction in amount of 
material and in space, and the organs which develop in this 
region must be affected. The organs of the normal proglottid 
are the only organs possible under the given conditions of form, 
size, etc. Change in the conditions must produce alterations in 
the organs. The correlation between form and structure as 
shown in the variations is so close that, given a proglottid of a 
certain form, it would be possible to predict with a considerable 
degree of accuracy in most cases what the condition and general 
arrangement of the organs would be. It is scarcely necessary 
to seek for a common cause for this correlation of form and struc- 
ture. I think it is sufficiently clear that the variations in form of 
the proglottids are the cause of the variations in structure and 
arrangement of the proglottidal organs. 

Hull Zoological Laboratory, 

University of Chicago, March, 1901. 
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Kn'.. 42. Transver>e section through the neck near scolex. 

!*'••• 43. Transverse section fn»m middle of neck region. 

Vu.. 44. Frontal section through anterior part of neck. 

Fn:. 45, Sagittal section near median line from near middle of neck region. 

Fk;. 46. Diagram indicating the levels from which various figure^ were taken. 
The numlKTs corresj^md with the numbers of the figures. 

Fh;. 47. Neck, in lolo, near scolex. 

Fk;. 48. Neck, in toto, near middle. 

FiC 49. Neck, in t<ito ; formation of proglottid^ l>eginning. 

FlO. 50. Neck, in toto ; pn»gloltids distinct in central parenchyma. 

Fl<:. 51. Neck, in toto; proglottid formation extending to {>eripheral parenchyma. 

Fl«i. 52. Neck, in toto; intcr-pn»glottidal furrows distinct. 

Fk;. 53. I >iagrammatic trauNverse section through neck, indicating the planes of 
the sections shown in various figures. The numbers corre'»|Hm<i with the numl>crs of 
the figures. 

Fk:. 54. Diagram of a {>«>rtion of the neck region, indicating the planes of cer- 
tain sections. 

Fk;. 55. Section (nearly sagittal) through one side of |>osterior part of neck. 

Fk;. $(k Section (nearly sagittal ) through one side of jjoMerior part of neck. 

Fk;. 57. Fnmtal section, showing early stages in proglottid- formation. 'I*hc 
dotted lines endosr an abnormality. 

Fk;. 5S. Sagittal >ei tion of a stage in which the inter- proglotiidai furrows first 
I>ecome visible. 
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Fk.s <>f> 70. Suif.in-- views anil >agittal •»<:» tioiis «»f progloltitU of vari<ius ages, 
showing the relative \iu icase in '•i/<' of different rcgi«»ns. 
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THE TOPOGRAPHY OF ORGANS IN TYPICAL SEG- 
MENTS OF HIRUDO. 

BENNET M. ALLEN. 

I wish, first of all, to acknowledge my indebtedness to Prof. 
C. O. Whitman for the incentive to this work, and for much kindly 
assistance. The work was begun in the hope that it might throw 
some light upon the question of the limits of the somite in the 
leeches. No attempt will be made to discuss this question. I 
shall merely endeavor to describe the position of organs in rela- 
tion to the annuli, in the hope that this may be of some assistance 
to future workers in the field of metamerism. 

The 15th, 1 6th, and 17th segments were taken as typical in 
this species {Hinddo medicinalis). These segments are in that 
region of the body where the original position of parts has been 
least modified by displacement, fusion or otherwise. 

Gross dissections were first carefully studied, and then the more 
exact location of organs was determined from a study of thick 
sections, both longitudinal and sagittal. The leeches were killed 
in about 0.05 of one per cent, solution of chromic acid, in which 
they died in an expanded condition. Immediately after opening 
them by a dorsal median cut through the body- wall, the latter 
was pinned back on each side, or else two lateral cuts were made 
and the entire dorsal portion of the body-wall removed. In the 
latter case one could better observe the relation of the organs to 
the sensory ring which had been previously notched at each side. 
In preparations intended to show merely the alimentary canal, 
the blood, which is usually found to distend it, served, when 
hardened by the reagents used, to keep the canal distended and 
thus to preserve its shape. 

In case organs lying below the alimentary canal, such as nerve 
cord, testes, etc., were to be studied, the canal was at once 
opened dorsally and the blood washed out. The preparation 
was then kept for a few hours in water, and the organs to be 
studied were exposed by the removal of connective tissue. 
Extreme care was necessary in order that the organs should not 
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be displaced by this work of dissection. Preparations were pre- 
served in formalin or alcohol. 

The material to be sectioned was hardened in 3 jx.*r cent, 
chromic acid for a day or two. and after the usual washing; and 
dehydrating, cleared in xylol and embedded in soft paraffine. 
\'er\' thick sections were cut, cleared in xylol and mounted 
serially in Canada balsam. They were studied under a dissectinjj 
microscojK' with fairly hijjh jx)wer lens. The relation of particu- 
lar organs to the limits of the rin^s was carefully estimated by 
placing under the slide a piece of thin pajKT with straight ink- 
marks across it. 

There was considerable variation in the position of the ner\'e 
yanjT[lion with reference to the sen.sory rin^ of the somite to 
which it belonged. From a table of measurements I selected 
the specimen which showed an averajje position of the ^an|;lia. 
The three j;anj;Iia in this .sjK'cimen (K) all projected beyond the 
anterior limit of the sensor>' rin^ to which they belonj^ed, and 
lay larj^ely in the fifth rin^ of the preceding somite. The propor- 
tion thus found in front of the limit of the somite was 0.7 in the 
case of the (^an^^lion of the si.xtecnth ; o.S for that of the seven- 
teenth ; and likewise O.S for the ^an^^lion of the eighteenth 
somite. The obser\'ati(»ns extended over a .series of thirteen 
specimens. The measurements, similarly taken in all specimens, 
were as follows : 
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NuiK — N«>. 1.0 indicates that the j^an^lion in question lies 
wholly within the fifth rin^ k\{ the preceding somite; a decimal 
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fraction shows the proportion of the length of the ganglion lying 
within it ; while a figure like 1.5 shows that the posterior part of 
the ganglion lies 0.5 of its total length in front of the limit be- 
tween the sensory ring and the fifth ring of the preceding somite. 

By means of the sections the position of the ganglia and the ' 
prominent constriction of the alimentary tract (C) was in each case 
determined. For the position of the other organs, I relied upon 
a study of the gross dissections. 




Segmeow of XV, XVI and XVII of Hirude mriiiiinolii {X ")■ 
The outline of (he alimcDtary tract is shown by the heavy line oD the right side of 
the plate. Structures underlying other organs are shown by broken lines. Organs 
or parts of organs lying beneath portions shown by broken lines, are represented by 
dotted lines. 

ft, nephridium ; n/, nephropore ; I, testis ; f, ganglion ; e, constrictioD of ali- 
mentary tract ; mi, nephtidial vesicle ; vd, las deferens ; Iv, lateral vessel. 

The results can be best studied by referring to the accom- 
panying plate. In the region presented by it, the alimentary 
tract consists of a rather narrow tube with two pairs of out- 
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growths in each somite. Attention may first be called to the 
place marked (C). This is a ver)' pronounced constriction 
occurring similarly in each of the somites studied. It is far more 
marked than the other constrictions in the somite. This prob- 
ably marks the primitive metameric limits of the alimentar>' tract. 
This is merely a suggestion, as a study of the embr)'ology of this 
form would be necessar>', before a definite statement could be 
made in regard to this point. The more prominent of the two 
sets of pouches are those opening into the alimentar)' tract at the 
posterior end of each somite. The testes (/) are situated chiefly 
in the second and third rings, their ends projecting slightly into 
the adjoining rings. Th« vas deferens connecting them is shown 
only on the right-hand side of the drawing. 

The nephridia, shown on the left-hand side of the drawing, are 
much coiled, extending from the nephrostome at the tip of the 
testis lobe in the front })art of the second ring, to the i:ni\ of the 
duct by which the nephridial vesicle opens to the exterior 
through the nephropore. This nephridial vesicle lies in the fifth 
ring of the somite to which it belongs and the sensory, or first 
ring of the somite immediately posterior. It projects slightly 
beyond each of the two rings named. The nephropore is situ- 
ated in the extreme posterior part of the fifth ring. 

1 1 I'M. Z«mhk;i<ai L.\B<>KAr«'kY, 

UMVKRSITY t'K Clll<A^«». 



THE ARTIFICIAL PRODUCTION OF SPORES IN 
MONAS BY A REDUCTION OF THE 

TEMPERATURE. 

ARTHUR WHITE GREELEY (from the Hull Physiological Laboratory 

OF THE University ok Chicago). 

The processes of reproduction among the Protozoa present 
many interesting problems from the physiological point of view. 
Aside from the so-called sexual reproduction, which is always 
preceded by the conjugation of two similar or slightly differen- 
tiated individuals, there exist many forms of asexual reproduc- 
tion, varying from the simple division of the, parent organism into 
two, or in some cases as many as eight, daughter cells, to the 
more complicated processes of encystment and spore formation. 
The processes of encystment and spore formation may be pre- 
ceded by conjugation, but in most cases they are simply a 
direct transformation of the motile organism into a resting form. 
Surprisingly little is known about the physical and chemical con- 
ditions which determine the transformation of Protozoa into cysts 
and spores. 

It has generally been observed that when a pond, in which the 
organisms live, begins to dry out, cysts are formed. This fact 
caused Rhumbler and Cienkowsky* to undertake a series of ex- 
periments. They kept cultures of Infusoria in small, loosely 
covered dishes, and allowed the water to gradually evaporate. 
Before the evaporation had become complete, all the Infusoria 
had formed cysts. Doflein ^ has repeated these experiments and 
has confirmed the results of Rhumbler and Cienkowsky. He 
found that after a long-continued evaporation of water the cysts 
would further break up into many small spores, thus proving 
that the processes of encystment and spore formation are iden- 
tical. Other investigators attributed this encystment to a lack of 
oxygen, rather than to the evaporation of the water. Maupas* 

* Cienkowsky, Archiv. fur Mikroscopische Anatomie, 1 866, L, p. 203. 

* Doflein, Archiv fur Protistenkufuie^ 1902, I. 

'Maupas, Archives de Zoologie ExperimentaU^ 1 888, VI., p. 165. 
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has kept cultures of various Infusoria for long periods of time, 
and has found that some of the carnivorous forms, notably Ox}'- 
tru'hia, form cysts after they have been deprived of food. Hert- 
wig' has observed that the same fact holds good for Actino- 
spluerium. In the same series of experiments he found, however, 
that the consumption of an excess of food may cause encystment 
as well as starvation. Other cases are on record also in which 
various carnivorous Infusoria have been seen to encyst after en- 
gulfing a large amount of food. Klebs.- in a large number of ex- 
periments on fresh water Algju, has observed that in Vauchcria 
zoospores are formed when the filaments are transferred from 
the light to the dark. Klebs reared Vauchcria in the following 
solution, used at concentrations of from o. i to 0.4 per cent.: — 
Ca(N03)2. 4 parts; MgSO^, i part; KNO3. ^ P«'*''t ; KjHPO^. I 
part ; and found that when the filaments were transferred from 
this solution to distilled water, irrcsj)ective of light or dark, 
zoospores were formed. He also succeeded in producing par- 
ihenogenetic spores in Sf^iro^yra by plasmolyzing the cells with 
a sugar solution. Klebs makes the general statement that the 
formation of zoospores in \'auchcria is aided by lowering the 
temperature, but made no experiments to show that a lowering 
of the temjxrrature itself will actually cause the plant to form 
spores. He apparently had in mind only the limits of tempera- 
ture at which sj>ore formation may take place, when the process 
is initiated by other means. Beyond these observations, which 
are rather inconclusive as far as the Protozoa are concerned, 
nothing is known about the conditions which determine encyst- 
ment or spore formation. 

Dr. Loeb suggested that I take up the problem of asexual re- 
production from an exjK*rimental point of view. Many authors 
had noticed that the mode of reproduction changes in certain 
a(}uatic animals or Protozoa when the pond in which they live 
iK'gins to dry out. Hut the question was, how can the lack of 
water in a pond interfere with the mode of reproduction? Dr. 
L«x:b\s idea was that the real physical factor at work in this case 

• llrrtwij;, SttiuH^hrn, hfr .//•' it '.'//i. ';/// /'w/ M.rf>h. '-'^i^ uni l^h\ t.^'^ie iff 

•Klcb», /'/*• /ifJiMj^'un^i'n ,iff l\ttff^tianiHn^ hei einii^s'H .i.'t^rn un.i Ptlz^n^ Jena, 
|XV>. 
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was the rapid or extensive changes of temperature. As long as 
the bulk of water in a pond is large, the daily changes of the 
temperature of the air will only cause a slow or slight variation 
in the temperature of the pond. But where the bulk of water is 
small, the temperature of the latter will follow rapid changes in 
the temperature of the air more rapidly and completely. In 
order to test this idea, he suggested that I try whether or not, 
through sudden changes of temperature, organisms might be 
caused at any time to reproduce asexually instead of sexually. 
The experiments were first performed on Stentor with the results 
already described in a previous paper.* It was found in these 
experiments that by lowering the temperature the animal would 
go into a resting stage, which in appearance resembled a cyst ; 
but in no case did I obtain spores. These results could not be 
obtained by raising the temperature. 

During the past year the low temperature experiments have 
been continued on several other Protozoa, and in all of them 
structural changes similar to those already described for Stentor 
have been obtained. But in one form, Manas, our original pur- 
pose has been carried out, namely, the artificial production of 
spores by means of variations in the temperature. 

Monas is a small flagellated Infusorian, of an exceedingly sim- 
ple structure, and occasionally appears in great numbers in 
cultures that have been prepared for Paratncecia, It can be easily 
maintained in the laboratory in great quantities by adding to the 
culture from time to tiifle a little bread, upon which the Monads 




Fig. I. The adult Monas. 

thrive surprisingly. In all the experiments the Monads were 
isolated in small covered dishes, and the supply of water kept 
constant by frequent renewal from the aquaria in which the 
animals had been reared. The temperature was lowered to the 
desired point by placing the dishes in a refrigerator in which con- 

' Greeley, American Journal of Physiologyy 190I, VI., p. 122. 
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slant temperatures, ranging from i° to 10° C, could be main- 
tained. For each low temperature experiment, a control experi- 
ment was performed at the temperature of the room, and great 
care was taken that all the conditions, with the exception of 
temperature, might be identical in the two cases. 

Mimas is more sensitive to changes 
in the temperature than any of the 
other Protozoa experimented with. 
Within a few hours after the temjKr- 
.iture has been lowered to 4 ° C. all 
the Monads in a dish settle to the 
bottom, and cease tlietr progressive 
movement. .Xt same time the cell 
gradually becomes spherical, the fla- 
{jellum and mouth opening disappear, 
\\': 1. .Vt.-iini;.eil..f .1/.I1.I., ami there is formed a resting cell like 
fDrmi-il i.y an i»|K>.iiri- In .1 leni ,1,,,^^. already described in the cxperi- 

■•cmlurc uf 4= C. .luriiit; -Li liMiir>. ^ _, '^ . 

ments upon Stnitor. These rcstmg 
cells can be kept at a tem|>erature of 4*^ to 6° C. indefinitely, 
and will withstand [Mirtial desiccation without losing their power 
to revert to the normal J/cwiw form when they arc removed to 
the temi>eraturc of the room. This 
reversion to the motile form takes 
place within twenty-four hours after 
the room teniix;raturo has Ixeii 
reached, Ihe tlagelluni first make- 
its ap|>earance. and the cells lie- 
come mutile while slill in the spher- 
ical c.inpition. They si.on. how- 
ever, assmne the nurmnl e!<>ri^;it(.d 
form <.f the adull Momi.s. 

If the-e re.sting ccIK "f Mrmts 
which have lx.en formed at a tein- 
[K-rature of 4- ti> '< C, instead , 
of Ijeing returned t<i the temper- 
ature of the ntom. be pl.ued on i 
C. ftirltuT Niru.-tural ch.ni-,'es t.ike pi, 
Ireme luweriiig of the tenii>erature. 
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perature of 1° C. for five to seven days, the protoplasmic 
contents of the resting cells break up into small spherical spores, 
from two or three to twenty-five in each cell. In most cases 
these spores are discharged from the resting cells as soon as they 
are formed. They have thick cell walls and are non-motile. 
They may be kept indefinitely at any temperature below 8° C. 
and withstand desiccation perfectly. 

When the spores are removed to the temperature of the room 
and isolated in small closed cells under the microscope their de- 
velopment into the motile Monad can be easily followed. The 
first attempts to demonstrate the development of the spores 
failed in several instances because of a lack of oxygen in the 
closed cells in which the spores were isolated, due to the 
presence of motile Monads which originated from resting cells 
isolated with the spores. But finally, at Dr. Loeb's suggestion, 
some fresh-water algae were mixed with the spores as soon as 
they were returned to the temperature of the room. In this way 
a supply of oxygen was maintained, and the development of the 
spores began at once. The first change that can be observed is 
the appearance of a thin layer of protoplasm which grows out 
of the 6pore. This protoplasmic layer develops into a small 
spherical cell, which gradually becomes separated from the 







Fig. 4. Four stages in the development of the spore into the motile Monas. 



spores. The cell at first is hardly visible because of the extreme 
transparency of its protoplasm, but it eventually becomes 
granular and develops a flagellum, which appears to originate 
as a long pseudopod extending outward from the protoplasm. 
The Monad formed in this way finally becomes motile and 



170 



ARTHUR WHIEE GREELEV. 




Fi<:. S- Yimng Monads devel- 
oped from ihe iporcs wilhin [he old 
cell wall or ihe testinj; cell. 



swims away, leaving the empty spore behind. In some cases 
the spores are not discharged from the resting cell as soon 
as they are formed, but develope within its walls, so that it 
is possible to find spores in all stages of development, even the 
young Monads, within the old rest- 
ing cell. The development of the 
spores usually occupies from two 
to four days, although in some cases 
it may be delayed for a mcuh longer 
time. The Monads formed from the 
spores are at first spherical, and swim 
about with the characteristic revolv- 
ing movement of this species of Mo- 
nas. The cells rapidly become elon- 
gated, however, and within a short 
time are indistinguishable in all re- 
spects from the adult organism. 
A few typical experiments will be briefly described, as fol- 
lows : — 

Expfriment I. — On April 1 1 a culture of Ahrias was placed 
in the refrigerator at a temperature of i° to 4°C. The next day 
examination showed that all the Monads had formed spherical 
resting cells. Some of these were removed to the temperature 
of the room, and they immediately developed into the motile 
form. On April 24 many of the resting cells had broken up 
into spores. A small number of these resting cells and spores 
were isolated under the microscope. The resting cells imme- 
diately developed into the motile Monads as before. On April 
26 a few of the spores had formed small Monads, but the de- 
velopment did not go very far because of a lack of oxygen in the 
closed cells which containc<l the .'^jKircs. 

/ivfirirHiMt I!. — On April 18 a culture of Afomis was put 
on ice at a temixrraturc of 1^ C On May 3 the culture was 
removed to a tem|x:raturc of 6" C. A large numtx-r of spores 
had been formed, a large proportion of them rcmaming within 
the resting cells. On May 6 many of the s))iires liad devel- 
oped into young Monads. A large numl)cr of the Monads were 
found swimming about within the walls of the resting cells. 
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Experiment III. — On May 14 a culture of Manas was placed 
on ice at a temperature of 1° C. On May 22 a large number 
of the resting cells and spores were removed to the room tem- 
perature and isolated under the microscope in closed cells that 
contained fresh-water algai. Development of the spores com- 
menced at once, and on May 25 they had reached the motile 

Monad form. 

Summary. 

1. In Monas a reduction of the temperature brings about cer- 
tain structural changes within the cell, that result in the formation 
of many small spores, each of which has the power of reproduc- 
ing the organism. 

2. It is thus possible by means of variations in the temperature 
to control the methods of reproduction in Monas. At a tem- 
perature of 20° C. Monas multiplies sexually and by simple fis- 
sion. At a temperature of 1° to 4° C. reproduction by asexual 
spores takes place. 



DEGENERATION PHENOMENA IN THE 
LARV/E OF GONIONEMA. 

HENRY FARNHAM PERKINS. 

Every student of invertebrate embryology has experienced the 
difficuhyof rearing eggs and larwx of marine animals with a view 
to determining the stages in the life-histor>' of the sf)ecies. One 
of the chief contingencies to be encountered is that which arises 
from the necessity of supplying an artificial environment which 
approaches closely enough to the natural conditions to permit the 
creatures to live and thrive in captivity, and to develop normally. 
In the effort to secure these favorable conditions many failures 
are to be expected, and it frequently happens that remarkable 
monstrosities arc produced by some untoward condition which 
can frequently be only guessed at. Interesting and significant ten- 
dencies are sometimes to be traced in these abnormal forms, and 
light is thrown upon the normal constitution of the tissues and 
their power of assuming a variety of forms. 

The transforming and regenerative power which is displayed 
by ccdenterate tissues has been adequately demonstrated by in- 
vestigators in various orders. Among the hydroids, several in- 
.stances have been recorded in which the soft parts of the colonies 
exhibit am(L*biform activity. In Hydra, when live s|K*cimcns are 
mounted in water under a cover-glass, so that the tentacles are 
in contact with the glass, their tips arc frequently seen to become 
spread out in a smear against the glass, and flowing movement is 
observable in the protoplasmic tissue-layers. It may be added 
that the same activity occurs in the tips of the tentacles \\\ the 
//)v/n/-like polyps of (ionioutma, which furnish the data for the 
present |>;q)er. 

In PiuniNitirui iristatti the soft internal substance of the colonv. 
the .sarcode, flows out of the vase-like nemal(»phores which are 
l>orne upon the ramuli of the zooids, and after bein^ protruded 
for a short distance send out l«>ng filamentous psrudopodia ; 
these fretjuently branch and anastomo.se, like the pscudop<Klia of 
the amtt'ba. The processes are afterwards withdrawn again into 
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the nematophores. An account of this process was first given 
by Allman.^ 

In the germ-plasm and ovarian eggs of certain members of the 
Hydrozoa, Cunina for example, amoebiform activities commonly 
occur. Metschnikoff* has described and figured many of 
these. 

> 

It will be remarked that these instances of amoebiform activi- 
ties are all limited to portions of the individuals or to the earliest 
stages of unfertilized eggs. Dr. Loeb' found in Campanularia 
that when parts of a colony were brought in contact with a solid 
object such as the bottom of a dish the hydranths in that part 
degenerated and the zooids were changed into soft flowing pro- 
toplasm. The entire individual was involved in this change. 
The epiderm of the hydranths affected was left quite empty of 
sarcode, this being used in formation of stolons at other points 
of the colony. 

The condition in Gonionevia, also is one of complete modifica- 
tion. The animal undergoes a decided change, losing its char- 
acteristic shape and appearance, and becoming transformed into 
a simple multinucleate plasmodium which sometimes exhibits 
amoeboid movements. 

The simplest case of this manifestation of the amoeba-like char- 
acter of the tissues appears in the tendency to fusion, seen in the 
young polyps of Gonionnna, This takes place in the hydra-like 
larvae which develop from the free-swimming planulae; these 
latter have a way of settling down in clusters on the bottom of 
the vessel in which they were reared, and it is a common thing to 
see two or three of these larvae quite fused together at the basci 
so that they appear to be double- or triple-headed monsters. 
While such larvae frequently live for some time, I have never 
happened to see any in an advanced stage of growth ; it is pos- 
sible that the condition is degenerative, and that it is the result 
of defective oxidation. 

lAlIman, J. G., 1884., *' Amoeboid Protoplasm in Hydroida," Ann. and Mag. 
Nat. I/ist., 3 13. 

2 Metschnikoff, £., 1874, ** Embryologischc Studien," p. Iio. 

amoeboid cells. 

' Loeb, Jacques, ** On the Transforraatiorr and Regeneration of Organs." Am. 
Jour. Physiology f June, 1 900. 
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A degenerate condition which is by far more striking and 
significant was observed in the case of individual polyps, 
which underwent fundamental changes of a remarkable char- 
acter. The polyps in which these phenomena appeared were 
reared in the laboratory from eggs laid in August, 1901, at 
Woods Holl. Several lots of larv;u were reared in aquarium 
jars, some living for several months, others dying and quickly 
vanishing after a few weeks. Only one jar of larvae exhibited 
the peculiar forms which are described in this paper. In al' 
the jars, as nearly as possible, the natural conditions of the 
larvae were imitated by keeping fresh algiu, ulva, diatoms, etc., in 
the water with the creatures. Some of the jars of polyps were 
left at Woods Holl for three months, and then forwarded to the 
zoological laboratory at Baltimore. These were found to con- 
tain healthy larvcf, which remained alive until February. But 
one of the jars, instead of remaining at Woods Holl for the 
balance of the summer, was taken directly to the laboratory, and 
the contents were frequently examined. About the first of 
October, the am(L-ba-like forms were first seen. For some time 
no attention was paid to them, as they were simply taken for 
amd'bie which had been introduced with the sea water. But it 
was soon seen that the number of healthy polyps was rapidly 
diminishing, while the supposed amcL^b.x' were becoming sur- 
prisingly numerous. More careful attention was then paid to the 
creatures, and it was discovered that the polyps were undergoing 
remarkable changes. Single individuals were noted from time 
to time, and observed to contract, first losing the //jv/r^-like 
aspect, the tentacles being completely retracted. The upright 
body of the polyp then settled down upon the glass, and all 
semblance of its natural sha()e was completely lost. Moreover, 
the difTerentiation between ectoderm and endoderm could no 
longer be discerned, except dimly in a few instances («', Fig. 4). 
The cell -walls lost their distinctness and .soon disappeared. In 
this remarkable way the originally vigorous hydra, standing up- 
right with mouth gaping and tentacles widely extended, became 
(juickly degenerated into a shajK'less mass of substance without 
organs, only sluggishly motile, without discernible cell-bound- 
aries or tissue layers, in short, an organism which was hardly 
more than a plasmodium. 
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In this condition the tissue of the creature was yellowish and 
translucent, with many inclusions of various sizes and shapes. 
The nuclei of the polyp were permanently visible, scattered 
unevenly through the substance. Vacuoles of varying size oc- 
curred in most cases, and a large number of foreign objects, 
such as bits of diatoms and disintegrating vegetable matter, par- 
ticles of sand, etc, lay in the protoplasmic matrix. 

This Plasmodium showed most remarkable ability to move 
and change its form. From a regular mass of protoplasmic 
tissue long pseudopodia-like processes were seen to push out 
into the water or along the bottom. The creature had the power 
of flowing about on the bottom like an aniceba, and its changes 




of form were sufficiently rapid to be readily noticeable. No 
definite type of form could be discovered, the changes being 
apparently endless in diversity. Several figures are given to 
show some of the forms which appeared in the course of my 
observations ; these are merely typical, and do not represent a 
tithe of the peculiar appearances which came to my notice. All 
the shapes shown in the figures were such as single individuals 
were frequently seen to go through within a couple of hours' 
time. 

Starting, perhaps, as a spheroidal mass adhering to the bottom 
by a broad, sole-like surface (Fig. i), in which condition the crea- 
ture may have been resting motionless for some time, the form 
was suddenly seen to show signs of life, and to elongate verti- 
cally, so as to send upward into the water a columnar process 
(Fig, 2}. This grew rapidly more slender at the base while the 
free end enlarged into an irregular bolt (Fig. 3). Usually the 
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surface of the tarva; was seen to be covered with a nurAber of 
thorn-like points, which wore evidently the ectodermal cnidodls of 
the pplyp'(Fig. i). There was no sign of tlie nematocysts, these 




ha\-ing disappeared early in the degeneration of the tissues. The 
permanence of the cnidocils is an interesting point in the dcgen- 




vrativL- clunges through nhich tlivse htrv.i- wt-re stnn to )Ki!a. 
[| givi-s .1 iiuggvstion nf tho degree t<i which the tis-ue is MitVcncd 
.ukI sjieeiaiized to furni these trigger-oi^ans. Irotn time to time 
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the outlines of the degenerated polyps, as seen in profile against 
the light, appeared smooth and devoid of cnidocils (Figs. 3 and 
5.) But these same individuals soon changed their position in 
such a way as to display the full battery of trigger-organs, show- 
ing that the reason for the temporary disappearance was the 
flowing of the soft tissues, which caused the cnidocils to be 
engulfed in the substance, from which they were afterwards 
pushed outwards again to the surface. In the ball at the ex- 
tremity of the columnar prolongation shown in Fig. 3 the 
cnidocils had temporarily disappeared, but with the subsequent 
changes of this individual they soon became visible again and 
remained so for a long time. The rod of tissue connecting this 
ball with the basal portion of the polyp became longer and more 
slender, and the mass at the tip assumed a more nearly spherical 
contour, as in Fig. 4. Following this appearance a change 




took place which was frequently manifested by the degenerating 
creatures and which ultimately brought about their disinte- 
gration. The ball at the tip of the rod-like process became 
constricted off and fell to the ground, there to undei^o the 
same series of changes which characterized the previous history 
of the complete individual . The basal portion of the polyp, with 
the neck of tissue projecting from one part, became retracted into 
a more regular mass, and went on with its flowing movements 
and protrusion of pseudopodi urn- like processes. At first it was 
closely applied to the glass, and flattened at the edges (Fig. 5). 
It soon changed into the form shown in Fig. 6, which was the 
most common of all, and which was at first mistaken for an 
amneba. As the creatures moved slowly along the bottom, 
any minute particles of matter, organic or inorganic, which came 
in their path were engulfed by the protoplasm, and remained 
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there until ejected by the subsequent movement of the animal. 
It \vi\s not possible to determine whether these particles furnished 
any nutriment, but the lon<j-continued activity of the degenerated 
polyps seemed to indicate their ability to absorb some food. 
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As the Plasmodium crept along over the bottom it left in its 
wake a trail of particles which it had egested or which had 
become detached from the substance of the protoi)lasm itself 
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.\ form which was notucibK- both for its remark. ihlc apjK-ar- 
ancc dWil it> fre«|ucnt «»c» urrrncc is represented by l*'ig. 7. Ihis 
wa^ ileriNcil, it) a comparativclN' short time, from siu h a form as 
tliat of I'lg. fi, a long filamentous process l>eing sent upwards 
into the water, free from the bottom. Along this procesN the 
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substance of the main mass flowed out gradually until it had 
accumulated as a spherical knob at its extremity. On the surface 
of this knob the cnidocils protruded in all directions. A second 
filamentous rod of tissue was projected from another portion of 
the mass, and a similar flowing movement of the substance 
resulted in another knob. This waving object then proceeded 
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Fig. 7. 

to crawl slowly over the bottom, the basal portion only exhibit- 
ing activity, and that the simplest. This form was frequently 
present in the dishes, as many as half a dozen specimens, more 
or less like Fig. 7, sometimes occurring within an area of not 
more than four square millimeters. By the constriction of the 
connecting rod at a peint near the ball at its extremity, this latter 
mass was detached from the rest of the object, and settling down 
on the bottom began to move about in the characteristic way 
The remaining stock of protoplasm, seen on the right in the 
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figure, shortened tind shrivelled (Fig. 7). This form arises with- 
out the slightest traceable connection with the polyp-form, and 
its appearance seems entirely fortuitous. It is hard to see why 
it should be so common. 

The pitismodium-like larv;u remained alive for nearly two 
months, showing the various forms and movements described. 
The rejxMted fission of the individuals resulted in such diminution 
of the size of the pieces which came from the original individuals 
that after a time it was impossible to distinguish the bits of living 
matter from the other particles lying about on the bottom. But 
during the entire time in which it was po.ssible to recognize the 
pieces of degenerating larva*, by the evident ccL-lenterate char- 
acteristics, the sum total of this substance did not seem to be iit 
all diminishing. It is impossible to assign .iny satisfactory 
explanation to the phenomena, but it is not unlikely that the 
condition of the water in this particular aquarium-jar was 
peculiar, owing, jK-rhaps, to evtiporation which increased the 
density, or to the introduction, inadvertently, of some chemical. 

While it is n»)t possible to explain the phenomena here de- 
scrilK'<l, or to determine their significance, the facts are stated in 
the h<>|)e that they may call forth other facts which may have a 
bearing <»n the same subject. It would l)e most interesting to 
discover whether such degenerative conditions occur in anv other 
CM-lenterates ; whether they are brought alxuit by any s|)ecific 
e.xternal circumstances ; and whether creaturt-s which have 
assumed this conditi(»n are ca|>;il)le of resuming tlitir n(»rmal f«»rm. 
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AN AMERICAN CERAPACHYS, WITH REMARKS ON 
THE AFFINITIES OF THE CERAPACHYIN.E.' 

WILLIAM MORTON WHEELER. 

The singular ant described in the following pages was discov- 
ered by Miss Augusta Rucker within the city limits of Austin, 
Texas, on May 1 1 of the current year. Impressed by the 
peculiar, elongate, and segmentally constricted body of the in- 
sect, Miss Rucker fortunately secured nearly all the individuals 
in the nest, including the apterous queen. The most superficial 
study showed that the insect could belong to none of the de- 
scribed North or South American genera of Formicidae. A 
note from Professor Emery, to whom a few of the specimens 
were sent, and comparison with some rare ants generously sent 
me by that gentleman and by Dr. Gustav Mayr, made it per- 
fectly evident that the new form must be assigned to the interest- 
ing genus Cerapachys (subgenus Parasyscid), representatives of 
which were hitherto known only from the Old World (Africa, 
Asia and Papuasia). 

The Cerapachys nest was found about six inches below the 
surface soil under a layer of large flakes of limestone in the 
shade of some hackbcrry trees growing on the banks of Waller 
Creek. At first only six workers and the queen were taken, but 
on the following day Miss Rucker and myself succeeded in un- 
earthing four more workers on the same spot. The whole nest 
could not have contained much more than a dozen specimens. 
Unfortunately ther^ were no larvae or pupae. When first seen 
the Cerapachys were engaged in a battle with some much smaller 
subterranean ants {Ponera trigona van opacior) which seemed to 
be invading the nest. The new species was slow in its move- 

1 Contribations from the Zodlogical Laboratory of the Universitj of Texas, No. 37. 
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mcnts as would be expected in creatures with such long bodies 
and short legs. They did not ** feign death " when roughly 
handled, though some of them, when held in the forceps, re- 
mained motionless in the attitude probably assumed when they 
are being deported by their sister workers. While creeping about 
the ants carried their ver)* robust antenna: in a peculiar manner. 
The scape was held erect or inclined forwards, but hardly in a 
horizontal or lateral position as in other ants, while the funicle 
could be folded down onto the front surface of the scajx; a little 
obliquely to the side. The habits, so far as these could be in- 
ferred from the little I saw of the ants in a living condition, re- 
called those of Stii^nidtoifinni pallipcs described in a former 
paper ('oo). As the workers are quite blind it seems probable 
that the s|x:cies leads a subterranean life, seeking its prey in the 
soil or under the dead leaves. This seems also to be indicated 
by the depth at which these small in.sects were found. The ver)' 
robust antenn;e and the beautifully developed stridulator)' appa- 
ratus, which occupies the whole of the large membrane between 
the jK>stjK'tiolar and first gastric segment, indicate that the sen.scs 
of contact-odor and hearing are highly developed and may ade- 
quately comjxrn.sate for the absence of visual organs. 

On the 22d of May. Mr. C. T. Brues found a solitary worker 
of the siime Ccrapachvs under a stone at Pea.se I'ark, about two 
miles from the locality in which thesjKcies was first taken. That 
the insect is e.xtremelv rare is shown bv the fact that it had not 
iK-en found Ixrfore during three years of careful collecting in the 
vicinitv of Austin. 

C KHAI'At lIVs (P.\K\SVs( lA) Al CilM I. Sj). nov. 

WWkt-r (Kijj. I). — Lcnj^th 2.3 VS nim. Head longer than broad, 
m.ir^inatc and hroadh c\< iscd iR'hind and prodti* cd |H>Mcri»infcriorIy to 
form two at uti\ Nomcwhai dixcr^eiil an>;lc>. •»!» lh.it the head rcsftnbles in 
sha|>c that of A*<//i'// \i ///////// l.mrry. Thc»»c |M»stcrior anjjlcs arc »*on- 
tinucd d'>>%nwardN on cither Mdc as a fi»hl which meets it^ felloe from the 
op|N>Mtc side <»n the lower )»osterior surface of the head. Sides of head 
faintl\ and e\enlv toiuex; e\es eniirelv absent; lateral larina* uell-dc- 
\eloped . fiontal 1 ann.c hi^h. projecting, closely approximated, extending; 
a shiirt distant e hat k l»et\veen the antennal ft)\e.r and endin); on either 
side in a diMint t tooth lust in front of the rather prunoiinted frontal de* 
prrs>it>n. Mandibles trian);iilar. tur\ed downwards at their tip«. with 
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distinctly crenated edges to their blades. Antennal scape somewhat more 
than half the length of the head exclusive of the mandibles, rapidly incras- 
sated towards its apex, which is provided with a deep concavity on the 
anterior lateral surface for the insertion of the funicle ; funicle 10-jointed ; 
first joint longer than broad, almost concealed in the concavity of the 
scape ; joints 2-9 distinctly broader than long, gradually increasing in size 
distally, terminal joint very large, glandiform ; constituting a club which 
is as long as the five preceding joints of the funicle. Thorax cylindrical, 
fully two and one half times as long as broad, oblong when seen from 
above, dorsal surface flattened, mesogpinotal suture hardly indicated by 
a faint constriction. Posterior surface of epinotum abruptly declivous, 
carinate on either side and with an indistinct tooth above. Petiole subcu- 
boidal, a little longer than broad, with flat dorsal surface ; lower surface 
produced anteriorly into a large, compressed, plowshare- like tooth. Post- 
petiole flattened dorsally, one and a half times as long as the petiole ; 
when seen from above its anterior margin is hardly broader than the petiole, 
but its posterior border is half again as wide ; its lower surface is convex 
and projects forward a little in front of the anterior dorsal border. Stridu- 




FlG. I. Cerapaihys (J\jrti^ysda) nui^tistu' 11. sp. Worker. 

latory organ highly developed, occupying the whole of the intersegmental 
membrane between the postpetiole and gaster. First gastric segment cylin- 
drical, flattened on its dorsal surface, fully one and a half times as long as 
the postpetiole, slightly wider behind than in front. Remaining gastric 
segments very short, forming a rapidly declivous termination to the ab- 
domen ; second, third and fourth gastric segments of about equal length, 
tergite of the fifth segment triangular, covered with small but distinct 
spines on its lateral and posterior border. Sting thick, exserted. Legs 
rather short, all the tibiae furnished with pectinate spurs. 

Surface of body shining, except the head, which is subopaque. Mandi- 
bles finely and indistinctly striated. Head covered with large, close-set, 
umbilicate foveolae except on the folds of the posterior angles which are 
coarsely coriaceous. Whole thorax covered with umbilicate foveolae like 
those on the head. On the petiole and postpetiole the foveolae are as large 
as those on the head and thorax but less densely aggregated ; on the first 
gastric segment the foveolae are distinctly smaller and much further apart. 
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Whole body covered with long, subcrect, golden yellow hairs, which on 
the head, thorax and abdomen, arise from the umbilicate centers of the 
foveola;. Hairs on the terminal antennal joint ver>' short and dense, con- 
trasting with the longer hairs on the scape and short joints of the funicle. 
Color red, edges of mandibles, clypeus, anterior border and posterior 
angles of head, the funicle with the exception of the terminal joint, the 
articulations of the thorax, legs and abdomen and the tip of the latter black- 
ish. I^gs and terminal antennal joint slightly 
more yellowish than the remainder of the 
bodv. 

Female (Fig. 2). — Length 3.75 mm. 
Fives moderately large, convex, situated 
in the middle of the lateral surface of the 
head, which is shaped like that of the 
worker. Ocelli well developed, not lying 
at the corners of an equilateral, but of an 
isosceles triangle with a long base. Pro- 
thorax large, scutum of mesonotum well 
developed, dorsally flattened, without para- 
psidal sutures ; tegular large, elliptical ; no 
paraptera between the scutum and the well- 
dcveloj>ed, flattened scutellum, metanotum 
narrow but distinct ; cpinotum large, shaped 
like that of the worker. On the pleural sur- 
face the mcsothoracic cpimeritc and epi- 
sternum arc distinct but these elements in 
the metaplcuriL* arc more obscurely separ- 
ated. There is nothing to show that the 
thorax has ever borne wings. I*etiole longer 
than broad, po>t|)eti()lc almost twice as broad 
as the j)ctiole. its posterior border nearly 
coextensive wiih the edge of the first gastric 
segnu-nt. whi< h is both broader and longer than this segment in the worker. 
Terminal gastric segments and sting in all rcs|)ects like those of the worker. 
The sutures of the thoracic dorsum are blackened ; otherwise the female 
is like the worker in coloration, sculpture and |)ilo>ity. 

As Certjp.u/ni tiNj^NSfti- has i i -jointed anteniKt- it must be 
placed in Kmery's subgenus Ptuasyscia. Kmery (*oi' and '01^) 
has recently published a revision of the ants of the subj^^cnus 
Crni/*tu/ns and the allied genera which he groups together as 
Cera|>;ichyin.e, a supertribal division comprising the following 
tribes, genera and subgenera. 

Jh^f /. AcaMthostii'hii — with the single South American genus 
Acanihostichus Mayr. 




tiH'usttt n. sp. .Apterous female. 
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Tribe 2, Cerapachyi (Africa, Asia, Australasia and Texas ! ). 

Genus Cerapachys Smith (antennae with a one-jointed club). 

Subgenus Cerapachys (antennae 1 2-jointed). 

Subgenus Parasyscia Emery (antennae 11 -jointed). 

Subgenus Oocercea Roger (antennae lO-jointed). 

Subgenus Syscia Roger (antennae 9-jointed ; first gastric seg- 
ment but little longer than the postpetiole). 

Subgenus Cysias Emery (antennae 9-jointed ; first gastric seg- 
ment much longer than the postpetiole). 

Genus Phyracaces Emery (terminal antennal joint not forming 
a club — Madagascar, Africa, Borneo). 

Genus Lioponera Mayr (2-3 terminal joints of antenna forming 
a club — India, Sumatra). 

Genus Sphinciatnyrmex Mayr (abdomen constricted behind 
each segment — Brazil). 

Tribe J, Cylindromynnii, 

Genus Cylindromyrmcx Mayr (antennae 1 2-jointed; South 
America). 

Genus Simopone Forel (antennae 11 -jointed; Madagascar). 

The occurrence in America of a representative of the largest 
and most diversified genus of the Cerapachyinae is of some inter- 
est in view of the fact that this group is the most archaic and 
generalized of existing Formicidae. It is, in fact, the group from 
which Emery and Forel would derive both the Dorylinae and 
Ponerinae, themselves very primitive subfamilies of ants. Inas- 
much as the three remaining subfamilies (Myrmicinae, Dolicho- 
derinae and Camponotinae) are derivable from Ponerine forms, it 
is evident that the Cerapachyinae must constitute a group of high 
phyletic significance. Emery ('95) has even gone a step further 
and pointed out the close resemblance of the Cerapachyi to the 
Mutillidae, especially to forms like Apterogyna, which have a 
very ant-like pedicel to the abdomen and resemble the ants in 
many other particulars. I have copied his figure of Apterogyna 
(Fig. 5) for the sake of showing the close resemblance of this 
primitive Mutillid to certain species of Cerapachys^ e. g,^ C 
peringueyi (Fig. 3). 

While Emery and Forel agree in regarding the Cerapachyinae 
as the most primitive of Formicidae, they hold very different 



1 86 



WILLIAM M. WHEELER. 



opinions concerning the subfamily to which the group should be 
assigned. Emery ('95, '01"), who emphasizes morphological 
characters, regards the Cerapachyinju as veritable Dorylinic, 
while Ford ('99, '01), who is inclined to lay considerable stress 
on ethological characters, maintains that these ants are true 
Ponerina;. Accordingly Emery includes the Ccrapachyinac and 
Dor>'lina; (sff/s. sfr.) as two co<">rdinate groups under the sub- 




Fn;. J. CVr«//»i*>if)'; /"rrini^uni Emery. «/, female ^Apten»u>); /^, worker. 

After Kmery. 

family I)urylin;u, whcrcxs I'orcl would regard the three tribes 
Acantho.stichii, CerajKichyi and Cylindromyrmii as so many 
tribes of Poncrin.r. 

Emcr>''s position may be .slated as follows : Almost nothing 
is known concerning the habits of the Cerapachyina* and mere 
ethological inferences cannot help us in deciding the (|uestion of 
affinities. The female of . /r<i//////M7//7///5 ( see I*ig. 4, ti) is wingless 
and decidedly Duhfhiuitti-Unm ('* b.itie sur le tyjx: Diihthadia a 
peine mitige "), like the females of Dory/us and Ecitoti. The 
males (»f the Cerapachyin.i- havr no cerci and have retractile 
copulatory organs like the I )orylina-. whereas the ccrci are present 
and the genitalia more or less exserted in the male Ponerinx. 
In general, com|>aratively little value can be attached to the con- 
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ditions of the pedicel in the taxonomy of ants, so that we should 
not emphasize the Ponerine-like petiole and postpetiole of the 
Cerapachyins, especially as all sorts of pedicels are found among 
the different genera of this group from that of Acanthoslichus, 
which is like Amblyopom, to that of Odeeraa, which recalls the 
conditions seen in the MyrmicinEe. The larvs of the Cera- 







.e magnilica 



„.) 



, <i ; i, head of same from front ; c, large 
^anthostiihui fuuiptnnis, $. After Emeiy. 



pachyinx are unknown, but as non-tuberculate larvcc, somewhat 
resembling those oi Eciton, occur in some distinctively Ponerine 
genera {Stigmatomma and Ectatommd) it is probable that the 
larval characters would have little weight in solving the problem 
under consideration. 
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Forel, on the other hand, advances the following reasons for 
regarding the Cerapachyina; as true Ponerinae. While they un- 
doubtedly exhibit traits which ally them with the Dorylinai, their 
habitus is, nevertheless, decidedly Ponerine. The little that is 
known of their habits certainly indicates that they live in small, 
stationary colonies like the Ponerina;, instead of populous, nomadic 
colonies like the Dorylin.x'. The queens, moreover, arc so nearly 
of the same size as the workers as to preclude anything like the 
great fecundity of the queens of Dorylus and liciton. The Cera- 
pachyina.*, too, have short legs of such a structure as to indicate 
a slow gait and more sedentary habits. The workers of the 
Cerapachyinif have ordinary facetted eyes, whereas those of the 
Dor}'lina: arc absent or ocelliform, while the atrophied eyes of the 
PoneriniL* have a very different structure.' The conditions of the 




ll<i. 5. Aptfu\^yua olivifii. Female, after Knicry. 

pedicel in the males, females and workers of the Cerap)achyina! 
are correlated as they are in the Ponerinae, and do not exhibit the 
differences seen in the Dorylina' between the worker on the one 
hand and the male and female on the other. The wingless con- 

' 'I hr <listincti<m tt> utiuti hnrrl c;ilN attcntmti i.s worthy of hi«»toI<>(;ical study. I 
am in(.linc<l to think, ho\%evcr. that it m.&v t»e a distituiiixi without a dift'erence. I 
have rrtcnlly M-itioned .1 iiumU-r of pujvi of /*,". i/.'W 5.///////// and t'md that the ocelli- 
form lateral f)i-s arc really \rr) muth atrophied coin{Miun<l eye*'. ttM) murh atrophied, 
in fail, to Ik: at all furutioiial as visual oij^ao^i. Ihi ttttnal hypisiermii^ ivAtiA is 
ik^mru'h.it tht. keneJ uuiiff ihi , ,$t: t-.x /V/i>. '^/it/m inJntin,t htit unrntitaktihU tutkei of 
i^mm tti.j'ta. I he t*pfiA U'f.f I : '•/ 1 shi>t( ,xni ti> t tK^nne.tud zcith thf brtiin. If enJi 
ftff!\ in >i f .'unf /"> tnt .; '.h"f ,it^t>in.f fr, inifu ontm.itiiiml !,t\tt . J'hi* t\ tntftfUin^ 
us ff^Kin^thitt the 7 t*int/ /if'fr. niu^t <;//</• in ihf it-fin,i an*i jI^Tk^xv t(nx'*iitit the hrttin 
and Hit tH the ifX'etf .///<'. /iww /r.-w ic!l\ tn thtit f^^ition of thr f'tatn Im^'WH tit the 
cpti, ^an .'/.«. If there IS a distinction t>elwecn the aUirlive eyes of the Dorylinx 
and I'onrnn.t* it would seem to lie that in the former subfamily the ommatidia ditap* 
pear Utlh hy fusmn with one another and hy redutti«in in numt>er. while in the latter 
the riuml>er of I'miiuiluiia is |{ratluall) reduieil vkithuut fusitm. 



AN AMERICAN CERAPACHYS. 1 89 

dition of the female Dorylinae is not of so much value in view of 
the fact that some true Ponerinae {Leptogenys^ e, g,) have wing- 
less ergatoid queens. The characters drawn from the male 
genitalia are not of themselves sufficiently important to deter- 
mine the allocation of the Gerapachyinae in a particular subfamily. 

My own observations on the living Cerapachys augustce, though 
ver>' fragmentary, incline me to accept Forel's views and to regard 
the Gerapachyinae as true Ponerinae. There was certainly 
nothing in the habits of the insects to remind me of the Dory- 
line ants notwithstanding their striking morphological resem- 
blance, especially in the shape of the head, and the blindness of 
the workers, to certain species of Eciton {E, schmiUi Emery, E, 
sumichrasti Norton, E. wheeleri Emery). The small colony^ 
with its queen so like the workers in size and structure, and the 
slow movements of the insects, all very closely resemble the con- 
ditions found in many lowly organized Ponerinae, e, g.y S/igma- 
tofnma, and I may add also, Proceratium and Sysphincia to judge 
from the account (/// iittcris) of my friend. Rev. P. J. Schmitt, 
O.S.B., who has been so fortunate as to observe living colonies 
of these rare ants. Moreover, the fact that specimens of Gera- 
pachyinae are rare in collections would seem to show that the 
nests of these insects are not at all populous. It is safe to say 
that if C. augnstce were like the timid Ecitons in its habits, it would 
have been impossible to find a remnant of the colony on the day 
following the ransacking of the nest. Morphologically the 
Ponerinae are certainly a very heterogeneous assemblage of forms, 
but this is merely what we should expect to find in so ancient 
and extensive a group. The addition of the tribes of the Gera- 
pachyinae to this subfamily would increase but little the already 
existing heterogeneity, since these ants are closely related to 
forms like Proceratium and Sysphincta which Emery formerly re- 
garded as Dorylinae but has since placed with the Ponerinae. 
When the Gerapachyinae are included with the Ponerinae, the 
Dorylinae become a mor^ homogeneous subfamily, while the 
Ponerinae represent the diversified and often peculiarly specialized 
survivors of the ancient stock from which all the other subfamilies 
of ants have been descended. 

It is an interesting and probably significant fact that all the 
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various forms of females to be met with among the Formicidae 
are already foreshadowed in the small and very primitive group 
of the Cerapachyinx*. Though we have no knowledge of the 
females of several of the genera, we may recognize no less than 
four different female forms : 

1. The female oi Acantlwstichus, which, as Emery has shown 
('95), is decidedly Dichthadia-XxV^, /. c, unmistakably like the 
huge blind and wingless females of Dorylus and Eciton, This 
female is considerably larger than the largest workers of the 
colony as shown in Emery's figures of A. quadratus which I 
have reproduced in outline (Fig. 4, a, b and r). 

2. Normal winged females like those of most genera of For- 
micidtX* but more similar to the workers in size and structure. 
These females are known to occur in the genera Lioponcra, Cera- 
pachys and Sphinctomyrmcx. 

3. The female of Ccrapachys pcritif^ucyi from South Africa 
(Fig. 3, ti). According to Emer>' ('95) this form is wingless and 
not much larger than the worker (Fig. 3, /^), which it closely re- 
sembles in structure. It may be designated as an ergatoid female 
and is not unlike the ergatoids occasionally found in species of 
Pofura (P. coarctata, P. opacictps, etc.). 

4. The female represented by the above described Ccrapachys 
auj^Nstie from Texas. This form is wingless but in thoracic 
structure resembles the winged females of the Ponerina.* in gen- 
eral. It is but little larger than the largest workers though pos- 
sessing well -developed eyes and ocelli. 

This •• morphological restlessness " in the structure of the* 
females of so small a group of genera as the Ccrapachyinae is, 
perhaps, significant as the phyletic source to which the different 
female forms of all the subfamilies of ants arc to be traced. We 
may look u|K)n the /hc/tf/iat/ia-Ukc (|ucens of ihc Dorylin.e as a 
further tlcvelo|)menl of the conditions exhibited by AcaNfito- 
stichwi, anti the ergatoids, which crop out sporadically among the 
I*oncrina* and the higher subfamilies, may, j^rhaps, be regarded 
as cases <»f reversion to females of the tyjK' of Ccrapachys per- 
tfii^iuy: and the .Mutillitla- { Apfcnxyna, c. i^.). The pseudogynic 
forms of ilic more specialized ants (/'orff/ictt, Caniponotus) re- 
semble the female of ('. aNj^iisftc. Finally, the winged females 
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of Lioponera, Sphtnctomyrtnex, etc., like the normal winged 
females of the majority of the Ponerinae, lead very naturally to 
the conditions seen in the more modified winged females of the 
Myrmicinae, Dolichoderinae and Camponotinae. 
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STUDIES ON THE LIFE-HISTORY OF . PROTOZOA. 

Ill, THE SIX HUNDRED AND TWENTIETH 

GENERATION OF PARAMtECIUM 

CAUDATUM.* 

(;ary n. calkins. 

Over 65 years ago, Ehrenberg came to the conclusion that the 
Protozoa are potentially immortal. Having all of the necessary 
organs and losing nothing in reproduction, there was no reason 
at all, he argued, why they can not live indefinitely. Shortly 
after this, Dujardin published a work in which he stated that 
Protozoa have periods of activity alternating with periods of rest, 
and Ehrenberg's view was vigorously contested. 

Among contemporaneous biologists, the matter has been taken 
up, on the one hand, by Weismann and his followers, on the 
other by Maupas and those who see in Maupas* work the best 
weapon with which to combat Weismann. The matter at issue 
involves an interesting (juestion, viz., will protoplasm having ever)' 
opfx^rtunity to exercise its various activities, and without being 
s|>ecialized through differentiation to the performance of limited 
functions, continue to live indefinitely, or will it gradually be- 
come exhausted and die as do the multicellular animals ? Weis- 
mann, following the line of reasoning pointed out by I^hrenberg, 
maintains the former point of view, while Maupas, on the other 
hand, upholds the latter and argues, that, as the race becomes 
older, the vitality becomes more and more reduced, until finally, 
the Protozoon, like the Metazo<"»n, dies from old age. Both 
writers have had to take into consideration the factor of conjuga- 
tion with the accompanying phenomena which were almost en- 
tirelv unknown to the earlier controversialists. With Weismann, 
conjugation is merely one of the vital functions of protoj)lasm, to 
be considered in the same light as feeding or excreting and not 
in any way interfering with the theory of immortality. Mau{)as 

' .\ Iriturc (iciiveretl at the Marine lii<»li»t*iial I .alM>nitory, WihnU II«>11, Mjuh., 
July 2S, 1902. 
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argues that, like Metazoa, the race would show unmistakable signs 
of senile degeneration and would die of old age were it not for 
conjugation which, in some unknown way, restores the vitality 
and ensures a new cycle of generations. According to Maupas, 
therefore, it would seem that the protoplasm of the unicellular 
organisms is not capable of the perpetual exercise of the ordi- 
nary vital functions. His conclusions lead to the assumption 
that, after conjugation, the individuals have a certain potential of 
vitality which is gradually used up in the course of a more or 
less definite number of generations, and which can be restored 
again and again by conjugation. 

The general theories involved in this discussion seem to me im- 
portant enough to warrant further experimental tests, and with 
this in mind, I started the culture of two different lines of Para- 
moecium caudatum, on the ist of February, 1 901, and these have 
been under continual observation ever since. One of the lines 
died out last month, in the 570th generation, the other is still 
living in the 665th generation. 

One definite aim at the outset was to ascertain whether a given 
form under culture would pass through a more or less clearly- 
marked cycle of activity to die ultimately of old age as Maupas 
maintained. Another aim was to find out whether there is a 
well-marked degeneration of different parts of the cell as age 
advances. These aims merely called for the repetition of 
Maupas' work in the case of one organism and were interesting 
enough in themselves. There was still another aim, however, 
which lent added zest to the work and made every stage one of 
fascination. This aim was to find out, if possible, the significance 
of conjugation and why it is that vitality is renewed by this 
means. It seemed to me that if Professor Loeb could induce 
artificial fertilization in the echinoderm egg, it should be possible 
to induce artificial rejuvenescence in Paramecium, The first 
definite problem that suggested itself was the discovery of some 
substitute for conjugation that could be used when the periods 
of physiological depression were imminent. The experiments 
have justified the assumption that such substitutes would prove 
successful, for I have been able to carry these minute organisms, 
not through merely one period of so-called degeneration, but 
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through five such periods, and have been able to rejuvenate them 
"panhcnogenetically " five successive limes. I feci Uiat I am 
now in the position to confirm the cnrly observation of Dujardtn 
that, in Pitramurium at least, there are more or less regular 
periods of vigor and depression which alternate with each other 
in fairly regular succession. At each period of depression, the 
oi^anisms, had they not l>ecn stimulated in some way, would 
have died, thus showing that they were physiologically worn out. 
The suhiitltr of this paj>er is taken from one of the periods of 
depression when the last survivors of a long line were nearly lost. 

The method.* employed in the investigation arc practically the 
same as those used by Maupas. The infusoria arc kept in cells 
in depression slides filled with a food medium of hay-infusion. 
The original Paranurcium of the A scries was taken from the pond . 
water of Van Cortland Park, New York, and transferred to one 
of these cells. In two days it had divided three times and of the 
resulting eight individuals four were isolated in the same way u 
the first had been, while the remainder were set aside aa " stock," 
The four lines thus started have been maintained throughout and 
give a better basis for the study of vitality of the race than one 
line could possibly have given. A second series — B — tvas started 
at the same time with an individual Faramaecium from Kort 1.cc, 
New Jersey, and four Uncs of this scries were likewise carried on 
with the A series. Individuals are isolated every one or two 
[fenerations and the records arc kept in the form of a table show- 
ing the number of generations since the last isolation and the 
total number since the beginning. 

The division -rate is taken as the measure of vitality, for it rep> 
rcscnu the rate of metabolism, growth and reproduction, A 
better index of the general \-ttality could not be found and 
while fairly constant from day to day. its fluctuations mark out 
dearly the periods of vigor and depression. The variations of 
the rate are difHcult to follow when the daily records alone are 
considered and the cultures had been under way for ten months 
before a mcthfK) was discovered of representing it graphically. 
When the daily rate of di\'ition i* plotted the fluctuations of the 
curve, due partly to \'arying temperature and the food conditions, 
arc perplexing and it is extremely difficult to compare the con- 
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dition of the general vitality at different periods by this means. 
Good results were finally obtained by averaging the number of 
divisions per day for definite periods, and plotting the averages. 
By this method of illustration the condition of the general vitality 
at any period desired can be seen at a glance. (Sec Fig. i.) 

The division-rate, as represented by such a curve, continued 
without noticeable variations from the beginning of the experiments 
until the latter part of the following July. About the 20th of that 
month the organisms began to die off at an alarming rate, indicating 
that a period of depression had apparently set in, or "degenera- 
tion " in the Maupas sense. Now was the time, if at all, to ex- 
periment with substitutes for conjugation, and in conformity with 
my original plan, the first trials were made with a change of diet. 
The organisms had been living steadily on the bacteria that de- 
velop in hay-infusion (Bacillus subtilis mainly), and various sub- 
stitutes were now tried. Vegetable infusions of different kinds 
gave no improvement but meat infusions proved successful. The 
first experiment with the latter was with tcazed liver which was 
added to the usual hay-infusion. The result was very gratifying 
for the organisms began immediately to grow and to divide, the 
rate of division rising from 5 to 9 divisions in successive lO-day 
periods. The effect of the liver was not lasting, however, and in 
the following lo-day period, the rate fell off to one division in 
five days or two-tenths of a division per day. During this time 
the organisms had not been continuously on liver treatment but 
had been transferred to the usual hay-infusion diet after 48 hours 
in the liver medium. At the end of the first lo-day period in 
August the cultures were again dying off, this time more rapidly 
than before and the renewed use of teazed liver had absolutely 
no effect. One thing after another was now tried without suc- 
cess, the organisms meanwhile growing weaker and weaker. 
Finally they were transferred to the clear extract of lean beef 
made by boiling fine pieces of beef in tap water. The effect of 
this medium was interesting, for, although it restored the weakened 
vitality, there was no rapid increase in the rate of division as when 
first treated with the teazed liver. The infusoria were, however, 
now large and vigorous and did not die unless transferred from the 
beef medium to the usual hay infusion. When this was attempted, 
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they would become abnormally active ^nd would finally die. 
The division-rate gradually increased during the month of August 
until, in the last ten days, they averaged six generations. Finally, 
in September, the attenipls to get them back on the old diet of 
hay-infusion were successful, and then the division-rale went up 
at once to twelve times in ten days, and a month later, they were 
dividing at the rate of fifty times a month. 

This experience showed that " rejuvenescence " in the Maupas 
sense, can be brought about without the aid of conjugation. Had 
it not been for the extract of beef, or some other equally benelicini 
substance, all of the organisms would have died, and, like Mau- 
pas,' Joukowsky' ,tnd Simpson,' I should have as-tumed that 
their possilxlitics of continued living had been exhausted and that 
they had died from "old age" in the 198th gcnenition. 

From November ist to December loth the curve shows that 
the division-rate and the general vitality gradually decTea.ted, and 
by the middle of December, a similar experience to that of mid- 
summer thrcatene^l the cultures. Profiling by that experience I 
took the precaution of giving some of the individuals beef-extract 
before they got too weak, while others were continued on the 
hay-infusion. All of the latter died within a few days. Those 
thai had been fed uith beef-extract for 48 hours continued to 
live when put back in Uie hay-infusion, and they continued 
through another cycle of almost three months without treatment 
a^jain with the beef. 

From the middle of December on, the cultures were continuc<l 
fcr slightly different treatment Two of the four lines of As 
f-t and A-2) and two of the four hncs of Bs (K-i and B-3), 
e treated ooce per week for 24 hours with beef extract. This 
treatment was continued until the middle of March, when they were 
given hay-infuston without further variation. The other littes 
of As and Bs. t-i^.. A-3. A-4. and B-3, and B-4, were treated 
in December with tl>c beef-extract and then kept on hay-infu«ion 
without further change. By this treatment it was possible to 
conqMir the general vitality under conditions of a toon or less 
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regular stimulus, with the general vitality under conditions of 
an initial stimulus. The history of these experiments is shown 
graphically in the diagram shown on page 198. 

On the first of January, all were in fairly good condition and 
the division-rate was about the same for all. All showed a de- 
cline in the lattar part of February, and the rate of division rose 
for all of them in March. At this time there was a sudden warm 
period in which the temperature for that ten-day period increased 
3 degrees on the average and this apparently acted as a mild 
stimulus. From this time on, however, the division-rate of the 
hay-fed individuals began to fall, and as soon as this fact was 
noticed, the beef treatment of the others was stopped. The hay- 
fed individuals did not recover their vitality and their division- 
rate continued to fall until finally stock and all died, apparently 
worn out. The beef-fed individuals, on the other hand, continued 
their high rate of division throughout the period of decline of their 
sister-cells, and did not show signs of diminished vitality until the 
first period in June. At this time, however, the rate fell very rap- 
idly and the depression was clearly apparent in the daily records 
(See Fig. i). The organisms at this time had not had beef- 
extract since March and they were accordingly transferred to it 
now with perfect confidence on my part that it would again prove 
to be the ** elixir of life '* for the Paramcecium, This time^ how- 
ever^ it failed to give the looked-for result^ and the animals con- 
tinued to die at a rapid rate. Their appearance indicated that 
their trouble was not the same as in the previous periods of de- 
pression. Hitherto at such, times the endoplasm appeared black 
under the microscope from the large numbers of gastric vacuoles 
with their food contents unchanged. At this time, on the other 
hand, the endoplasm was clear and free from such food masses, 
but the appearance of the protoplasm was singularly granular and 
different from that of a healthy individual. All changes that had 
proved beneficial before were now tried. These included not 
only liver, various vegetable infusions and the like, but salts of 
various kinds. Nothing seemed suitable for the organisms and 
they died off at a faster rate than ever. When the last of the B 
series, stock and all, died in the Sjoth generation {June i6\ and 
the A series became reduced to only 6 individuals in the 620th 
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generation {June 2jtH) it looked as though the cultures were 
about to come to an end. The unusual appearance of the or- 
ganisms made me think that the trouble was not with the diges- 
tion of food, but with its assimilation, and with this clue in mind 
I made extracts of sheep's brain and sheep's pancreas. Three of 
the six remaining individuals were put into the brain -extract and 
three into the extract of pancreas. The latter worked best and 
the 621st generation appeared the next day. The former, while 
giving slower results, produced healthy and normal organisms, 
and in three days there were more than 30 individuals, and 
enough to experiment with. After 48 hours' treatment with 
each of these extracts the organisms of the regular series were 
transferred to the usual hay-infusion. Since then the division- 
rate has been fairly constant, and, as stated at the beginning of 
this paper, they are to-day (July 28th) in the 665th generation. 

The effect of the two extracts was very interesting. The indi- 
viduals that were treated with pancreas had been in N/25 magne- 
sium chloride for thirty minutes on the sixth day of May. Those 
that were treated with the brain-extract had been in N/1250 
potassium phosphate for thirty minutes on the eighth of June. 
The division-rate of the former, notwithstanding the quicker start, 
soon fell behind that of the latter, and to-day the only ones alive 
are the descendants of those that had been fed with the brain- 
extract. 

The interpretation of these facts involves the interpretation of 
many of the deepest problems of biology. If we could point out 
their significance, it would mean that we are in a position to 
throw light upon the ultimate secrets of vitality ; secrets which 
have taxed the ingenuity of philosophers of all ages, and which 
lie at the bottom of modern biological research. At the present 
time the question cannot be answered, and it seems mere pre- 
sumption to attempt an explanation. Nevertheless, • there are 
sufficient data to warrant a tentative interpretation even though 
it is only a vague, shadowy impression of what may actually go 
on in living protoplasm. 

The bacteria in the hay-infusion constitute the normal food of 
the Paramoecidae. Of these, Bacillis subtilis, is, probably, the only 
one left alive after the infusion is raised to the boiling point, and 
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this organism, therefore, forms the staple article of diet for Para- 
macium in culture. In the body of the infusorian the bacteria 
are collected in the usual gastric vacuoles where the first stages, 
at least, of digestion are carried on. No one has identified the 
proteolytic ferment which is active in this process. The work of 
Mcissner, LeDantec. Fabre-Domergue. Greenwood and others 
has shown that something analogous to p>epsin plays the most 
im|)ortant role in the process, but nothing definite concerning the 
ferment is known. In an allied group, however, the Rhizopoda, 
some work has recently been done which may throw light upon 
the digestive processes of the Infusoria. H. Mouton,* working 
in Metschnikoff's laboratory, has succeeded in extracting the 
proteolytic ferment from a bacillus-eating Amaba. Tests of 
various kinds showed that the ferment is more like trypsin in its 
action than like pepsin, and Mouton comes to the conclusion 
that it is intermediate between the two. As the foods of this 
Ama'ba and of Paravurcium are probably similar in proteid com- 
position, it is not improbable that the proteolytic ferments are 
much alike. 

Whether or not the proteolytic ferment in Paramaxium is the 
same as that in AvHrha, there is no doubt that some such active 
agent is operative in the digestive processes of our infusorian. 
Furthermore, there is a certain amount of evidence to indicate 
that it is this ferment-forming jx)wer that becomes weakened in 
the protoplasm of ParaffiariutN as the race grows older. Phy- 
siological ** degeneration " is not due, as Maupas supposed, to 
the loss of some of the necessary organs of the cell through 
degeneration, nor is it due to inability to take food, for. when in 
the depressed condition, the Paratuacium still maintains a cur- 
rent of bacteria into the mouth -ojx:ning, and food vacuoles are 
still formed. Frequently when in this condition the organi.sms 
ap(>ear black because of the undigested food IkiIIs, a fact which 
indicates that it is the digestive function that wears out. In this 
ct»nnection it is intere.sting to note the effect of dilute alcohol on 
the general metabolism of Paraimrcium. Mr. C. C. Lieb, work- 

' H MiKitt»n. kcihcrihr* %ur \x <li^t-%(inn chc/ lc» .Vmilxr* ct ^ur Irur «liftHta.4c in- 
trftcrlluUirr. 'I hcMs |irr*ciitrfl »l ihc Fat ullc «!c •»< irncck tlr I'ah*, I<|02. Kqtrtnt 
|)p. i~6a 
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ing with Paramcecium from these cultures, found that alcohol 
will increase the division-rate above the control, by about 33 per 
cent. Under the action of the alcohol the organisms are always 
lively and appear transparent as though all food were rapidly di- 
gested. The result is interpreted as a stimulus to the digestive 
processes effected by the alcohol.^ In the period of depression 
which is represented by the 620th generation, alcohol brought 
about no stimulus and the organisms died as rapidly as the ones 
not thus treated. 

As the age of the race increases, it is conceivable that some- 
thing in the chemical make-up of the protoplasm becomes de- 
pleted, something which cannot be replaced from the constituents 
of the ordinary food medium. With the change of diet, however, 
new substances are introduced into the protoplasm and renewed 
activity results. Thus with the change from hay-infusion to 
beef-extract, chemical substances are introduced into the proto- 
plasm which could not be obtained from the hay-infusion. In 
the New York water there are certain chlorides, nitrates, etc., all 
in extremely minute quantities and these are present of course in 
the hay-infusion. They are also present in the beef-extract 
which is made with the same water, but in addition to these salts 
there are certain extractives from the beef such as potassium 
phosphate and chloride, lactic acid and lactates, etc., substances 
of quite a different character from those of the ordinary medium. 
Added to the fact of a different chemical medium is the fact of a 
difference in osmotic pressure, for the extract is more dense than 
the hay-infusion. The extract does not have a direct stimulating 
effect upon the digestive processes and upon division, for, while 
the organisms are immersed in it, there is a very slow division 
rate ; when transferred again to the hay-infusion, however, they 
divide more rapidly than before. From this it appears that the 
extract is not a food in the ordinary sense but that it is a stimu- 
lant acting through the salts dissolved in it. 

These results justify, I believe, the conclusion that, as the po- 
tential of vitality becomes reduced, something in the chemical 

> Cf. Calkins and Lieb. Studies on the Life-History of Protozoa. II., The Effect 
of Stimuli on the Life-Cycle of Paramcecium caudatum. Arch, f, Protistenk. L, 3, 
1902. 
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composition of Paramcccium wears out or disappears so that the 
ferment-forming activity is lessened. A change of diet restores the 
power. The restoration may be effected, not only by the extract 
of beef, but by clear chemicals as well. Thus potassium phos- 
phate, potassium chloride, sodium and magnesium chlorides, 
have all given positive results in this direction, and it is probable 
that these substances contain the elements needed by the weak- 
ened protoplasm. We are justified, therefore, in regarding the 
artificial rejuvenation of Paramacium as a phenomenon of the 
same order as the chemical fertilization of the <^^^} 

The general problem may be attacked from another point of 
view. What is it that conjugation does to renew the potential 
of vitality ? The early conception of Hutschli's that conjugation 
brings about a renewal of youth or a Vi'fjun^ufii:^ of the partici - 
pating organisms has been repeatedly confirmed by subsequent 
observers. A very significant fact came to light in the course of 
these e.xjK'riments and one which seems to show that conjugation, 
like the action of the beef-extract, involves certain chemical phe- 
nomena. It will be recalled that Maupas maintained that endog- 
amous conjugation is fruitless and the reason given was that, as 
the cultures grow older, the micronucleus degenerates and dis- 
appears. Maupas ditl not keep Paramacium in culture for more 
than a few weeks, but the |)eriod was long enough for him to 
feel justified in assuming that this form is similar to the other 
forms examinrd by him. He declared that endogamous conju- 
gations in this s|)ccies (and he obtained many of them) are ster- 
ile because the micronucleus is lo.st through degeneration. I 
have preparations of this form made at intervals throughout the 
C<)5 generations, during endogamous and exogamous conjuga- 
tion, at j)eriods of depression and of vigor, and in none <»f them 
is the miiToiuicleus absent. I'pon this point Maupas was most 
as^iuredlv mistaken. 

I-'ioni time t<» time As and Hs have lK*en put together for 
the purjx>se i»f obtaining fertile conjugations. In the material 
set asiile .is " stock " conjugations have also fre<|uenlly occurreii, 
thesi- iif I'ourse, Ix-ing endogamous. A comjKirison of •* wild ** 

» I • a.'M!!* '^riiilic* nil lh»* I.ilr<'\ilc o| I'rotn/iM. I., Ihc I.ifr< Vtlc «>f 
/*.f '.;»i r.fMff .ifM /r/ww. ,/r»//./! /.Htti'is k'., I«|C)2. 



STUDIES ON LIFE-HISTORY OF PROTOZOA. 2O3 

conjugations with endogamous and exogamous unions is very 
instructive. By *' wild " is meant pairs that are captured while 
conjugating in the natural pond water. There were only three 
pairs of these but of the six ex-conj ugants five continued to live in 
the regular culture medium. Had the original number of pairs 
been larger, the result would be more satisfactory but I believe 
the proportion of fertile results would be as high as five out of 
six, or, expressed in percentages, as high as 83 per cent. Of 
the exogamous conjugations, t.e,, those of diverse ancestry, there 
were 24 pairs selected at different periods, and 48 ex-conj ugants 
isolated, of which only three continued to live in the same cul- 
ture medium, or about six per cent. Of the endogamous unions, 
i.e., conjugations in which the gametes were of the same ances- 
try, 16 pairs in all were selected and 32 ex-conj ugants isolated, 
of which two only continued to live, again about six per cent. 
How are we to account for the great discrepancy between the 
proportion of fertile wild ex-conj ugants and those obtained from 
the cultures ? / Mirc'e that it can he accounted for on the 
ground of chemical differences in the composition of the protoplasm 
of the different individuals. In the natural habitat of these forms 
no two individuals have the same environment for long periods 
and it may well be that no two parts of the pond have an identical 
composition. When two organisms unite, as Parainarium urnies, 
and part of the micron ucleus of one unites with a similarly-de- 
rived part of the micronucleus of the other, the result is the 
formation of a new chemical substance m each organism, for the 
fusion nucleus in all probability is different in minute composition 
from either of the old ones. Now, on the other hand, when the 
organisms had been in the same culture medium for long periods, 
as was the case with the As and Bs of these experiments, there 
was no chance for them to be different from one another in 
chemical composition, and the ex-conj ugants, after a few genera- 
tions, died in the great majority of cases. In all such cases the 
conjugations were normal, micron uclei were exchanged, the old 
macronuclei became disintegrated and new ones were properly 
formed, but something was lacking and the e.x-conj ugants died. 
I believe this " something " has to do with the chemical make-up 
of nucleus and cytoplasm ; and I further believe that the failure 
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which Maupas experienced in getting fertile endogamous ex 
conjugants can be explained upon the same grounds. In one 
instance I treated an endogamous ex-conjugant with beef extract. 
The effect was most remarkable for it not only continued to live, 
but it is still Hinnfj; in the ji^otli generation. When it is remem- 
bered that the usual life-cycle of Paramaxium in culture is from 
150 to 170 generations, this result is extremely interesting. 

The facts of conjugation thus seem to fit in with the inter- 
pretation of the other results, to indicate that the protoplasm of 
this one-celled organism, like a galvanic battery, starts with a 
high potential of activity, which gradually fails with use, but which 
may be restored again and again by the proper chemical means. 
It is to such an assumption that we may turn for an explanation 
of the periods of depression that have occurred from time to 
time. The June period, at the 620th generation, appears to 
have been different from the earlier ones, for at this time, neither 
beef-extract, nor any of the .salts that had been successful 
before, would restore the lagging energies. It was only the use 
of something entirely different from everything previously em- 
ployed that finally saved the culture. It may have been the 
lecithine and allied sub.stances in the brain extract, and it may 
have \y{:c\\ the nucleinic acid in the pancreas extract ; whatever 
it was, it apparently supplied .something in the protoplasm of 
Parivnaiiuui that hati not given out before, but had failed at 
this particular time. Further, and more carefully -guarded ex- 
|KTiments, must now be undertaken in the ho|>e of finding out 
what these failures mean. 

Turning again to the controversy regarding " old age " in 
Proto/oa, it seems that we shall have to side with Weismann in 
the contention that the.se organisms have the |M)tenlial of end- 
less existence, and this without conjugation. The five times 
that the cultures of Paramaeiuin have been rescued at |)eriods of 
depression, justify the Ix'lief that they may l)e saved as many 
times more, provided the time and patience re<|uired for such 
work are not out of all proportion to the results gained. It 
.seems to he merely a matter of finding the right food, /. #•.. the 
right chemicals. In nature, it is n<»t iniprob.ible that the iH'rit)ds 
of depression, which are exinrrienced in the laboratory, would be 
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absent, and that the division-rate would maintain a fairly uniform 
level. The chemical composition of a pond is constantly chang- 
ing ; every rainfall washes new salts into the water ; every wind 
assists in turning the water over, and with these changes, it is 
probable that the organisms get new supplies of the substances 
necessary for their continued activities. When other things fail, 
the organisms may resort to conjugation, but we may con- 
sistently doubt whether this method of recuperation for Protozoa 
is as widespread in nature as hitherto supposed. 

One other analogy is suggested by these experiments, viz., 
the similarity of these periods of depression, and the subsequent 
proliferation, to tumorous growths of various kinds in the higher 
animals. The race of Paramoecium may be compared with the 
tissues composing the body of a Metazoon. When the cells com- 
posing these tissues approach the age-limit of the race, they divide 
less and less often ; finally they come to a halt, so far as division 
is concerned, and senile degeneration begins, which ends in 
death. If, in a given tissue, after it has passed the period of 
active division, some stimulant be given at a local area, thus 
inducing a renewal of the dividing energy and proliferation of 
the cells of that area, the result, from a pathological point ot 
view, would be a tumor ; from a biological point of view, it 
might well be the rejuvenescence of the cells, as in the case of 
Paramoecium. As in the latter case, a number of agents might 
be responsible for calling out the increased activity, as, for example, 
a blow, a parasite, an enzyme, a changed condition of the imme- 
diate environment, etc. Any one of these might "rejuvenate" 
the tissue-cells in the same way that a chemical induces a new 

cycle of generations of Paramoecium. 
Marine Biological Laboratory, 
Woods Holl, August 6, 1902. 



FURTHER N0TP:S ON THE COCOONS OF ALLOLO- 

BOPHORA FCETIDA. 

KATHARINK F(K)T AND El.LA CHURCH STROBKLL, 

Woods HoLL, Mass. 

The fact that cocoons of Allolobophora are formed during copu- 
lation challenges the interpretation that spermatozoa arc stored 
in the spermatheciu in order to produce cross fertilization. We 
found, however, such conclusive evidence that the spermatozoa of 
the cocoon are derived from the spermathec;u, that this ap|)arent 
inconsistency was stated in an earlier pajxrr as a problem for further 
investigation.^ 

During the summer of 190 1, we wxre able to make at least 
one step in this direction. We found that cocoons can be formed 
and deposited when the worms are not copulating. Isolated 
worms deposited cocoons for weeks, as many as ten cocoons 
being laid by one worm without copulation. 

The method of experimenting was as follows : Single worms 
with a pronounced clitellum were isolated in half-pint bowls, each 
bowl being half filled with compost in which the worms had been 
found. Immediately after this compo.st was collected, it was 
carefully sifted to get rid of even the smalle.st worms, and it was 
then kept for three or more days before using. This was done 
to allow any cocoon alrca<ly in the compost t<» reach a stage of 
develojmient that would make it inipossible to niistake it for a 
cocoon laid by the worm i^^olatcil for the e.\|KTiment. At the end 
of three days the isolated worm was put in a bowl of fresh com- 
f>ost and the compost in which the worm had been kej)t was .sifted 
under running water through a sieve with meshes too fine to allow 
a n)Co<in to p.iss. Hy this process nearly all the earth was washed 
away, and any cocooiis present, were easily secured. 

.\ |)errectly fresh c«)coon. /. <*.. one with a slime-tul>e, was 
often foun<l, but more often the c<»coons containe<i tggs in a later 

|>u,S, p|i 41^,. 4,,;. 
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Stage of development, 2, 3, 4, and even 10 or 12 cells. When 
the stage of any egg appeared doubtful, it was fixed, stained 
and mounted for examination. Any cocoons in the compost 
before it was put in the bowls would have had a start in de- 
velopment of at least three days — so it was practically im- 
possible to mistake them for the cocoons laid by the isolated 
worm.^ 

Twenty worms were isolated for the experiments described, 
and of these, one worm deposited ten cocoons at average in- 
tervals of three days. This worm was vivisected six days after 
depositing the tenth cocoon, and all four spermathecae were 
found to be about one quarter full. The clitellum — which was 
very pronounced when the worm was isolated — had entirely dis- 
appeared, and the seminal vesicles Sippeared abnormal — they 
were a brownish-yellow, and quite different in appearance and 
texture from those of worms captured in the compost heap. 
This pathological condition, undoubtedly due to confinement, 
may have prevented the deposition of cocoons continuing until 
the contents of the spemathecae was exhausted. 

Of the remaining nineteen worms, one deposited four cocoons, 
and one deposited three, within fifteen days ; one worm deposited 
three in nineteen days ; two deposited two within seven days, and 
two deposited two within eight days. Three worms deposited 
each one cocoon on the third day, one worm deposited one on 
the fourth day, and one deposited one on the fifth day. In 
some of these cases the experiment was cut short by the escape 
of the worm. 

Seven of the nineteen worms deposited no cocoon, vivisection 
showing, however, that two of them were pathological, and that 
the spermathecae of four of them were almost empty. We found 
the spermathecae full, and the seminal vesicles normal in only 
one of these worms, and there was no apparent cause why this 
worm should not deposit cocoons. These worms were isolated 
from thirteen to twenty days before vivisection. 

The experiments described above establish the fact that a 

* In order to become perfectly familiar with the different stages of development 
possible within three days, we preserved a large number of fresh cocoons, opening 
them at intervals of three hours, and fixing, staining and mounting the eggs. 
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cocoon can be deposited by one worm alone, and our earlier 
observation of the formation of cocoons during copulation, seems 
to prove conclusively that there are two methods of forming 
cocoons. These observations reconcile the opposing opinions * 
on this point. 

That the deposition of cocoons by a single worm was not due 
to isolation, we dctei mined by finding, in pots containing one 





Slime tu6e. Cocoon. 

Fl«;. I. ■ 3. Forty-two anterior segments of a worm with a coc<K>n in the process 
of formation. The transparent slime-tube surrounds the worm from the tenth to the 
thiity-sixth segment, and shows constrictions at each edge of the ditellum. The 
while cocoon encircles the clitellum. When the worm was dn)pj>e<l into Ixiiling water, 
the ciK-cMin became opn«jue — effacing ilie segments of the clitellum. 

hundred worms, a number of single worm.s each with a cocoon 
around the cHtellum. During the summers of 1901 and 1902, we 
found sixteen of these worms, with cocoons in different stages of 
development, ranging from a cocoon containing only a trace of 
albumen and no eggs to one with the full amount of albumen of 
a mature cocoon, with 28 eggs. These immature cocoons, when 
removed from the worm, are surrounded by a single slime-tube, 
resembling one half the double tube found around a copulating 
pair. This single cocoon lies near the posterior end of the 
slime-tulx! (I*'ig. 3), maintaining the relation that exists between 
the slime-tube and cocoons in the case of copulating worms, 
where the two cocoons lie at opposite ends of the double tube. 
Examination with a lens shows the clitellum of the worm en- 
cased by the cocoon and part of the slime-tube, the longer 
part of the tube lying anterior to the clitellum (V\^. I ). When 
the worm is not disturl)ed it will withdraw back wan!, through 
the slimc-tulxr and cocoon, finally pulling the head through the 
smaller end of the cocoon (Tigs. 2 and 3). This accords with 

' Wc ha»r n«ii been a!»Ie l«» find any rccor<l oilier th^n our^ of a«.iual i»bscrvalion 
of the def^osilioii of c>Huon% by copulating pairs. <ir of single \Ai»rm4 with ciKiM»ns in 
pn><;rs« of fi»nnati(Mi. 
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our observation of copulating pairs, for in these cases also, the 
longer part of the slime-tube lies anterior to the clitellum, 
each worm finally withdrawing backward through the small end 
of the cocoons. In the worm shown in Fig. i , the slime-tube 
extends to the tenth segment, but it is not safe to assume 
that in the living worm the tube may not extend still fur- 
ther, possibly covering the spermathecal openings between the 
ninth and tenth, and tenth and eleventh segments. The sudden 



Fig. 2. X 3* Forty-two anterior segments of a worm caught with a nearly mature 
cocoon around its clitellum. Before being dropped into boiling water, the worm partly 
withdrew from the cocoon, leaving it encircling the i6th-i8th s^ments. The cocoon 
and segments are very much contracted, the cocoon appearing as a narrow, opaque 
band around the worm. Such cocoons regain the typical oblong shape when removed 
from the worm. The worm has partly withdrawn from the slime-tube, leaving the 
anterior end projecting beyond its head. 

extension of the worm, when dropped into boiling water, possibly 
causes such change in the position of the slime-tube, as shown 
in Fig. I. 

On the other hand, we have no proof that the contractions of 
the worm when captured do not result in an extension of the 
tube beyond the point covered under normal conditions, and 
that in the living worm the tube does not reach the spermathecal 
segments. In living worms, we have seen the slime-tube, in 
some cases, stop short of these segments, in others, completely 
cover them, but it is impossible to affirm which condition pre- 
vails when the worm is at rest. Fig. 3 shows a tube with its 
posterior limit clearly indicated, by the impress of five seg- 
ments posterior to the clitellum. A comparison with Fig. i 
shows that the slime-tube in the captured worm stops short of 
this point. 

Our method of securing cocoons in the process of formation 
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on single worms, was to dump daily several pots, each contain- 
ing one hundred worms and carefully to examine the clitellum of 
each worm. The presence of a slime-tube, with or without a 
cocoon, can be detected, by constrictions at each end of the cli- 
tellum. These constrictions are ver>' marked when the worm is 
contracted and difficult to see when the worm stretches out. 
When the worm succeeds in partially escaping from the slime- 
tube, one or both constrictions can be seen on, or near, the cli- 
tellum. These constrictions are produced by the slime-tube and 




Slime tahe 



Kl«:. 3. .\ freshly (lc{>ositt*<l c(K.-(M»n. NViun nii ihc worir ihc «»h«)rlcr end of the 
>liinc-tul>c i«i {KMcrior to the clitellum and the impress of 5 segments on the tube 
shows that, in this r«sc, the |KMterior end of the slime tube extented to the 39Ch seg- 
ment of the worm. Thij ti^^ure was reduce*! one fourth fn>m Fig 3 of an earlier paper. 
The ori^rinal figure wa^ magnilietl si'vcn diameters. 

fiift by the cocoon, for we have found worms showing marked 
constrictions, when careful examination of the slime-tube after 
removal, failed to show any trace of a cocoon. This indicates 
that the formation of the slimc-tube is the first step in the process 
of forming a cocoon. 

Having established the fact that cocoons are formed by these 
worms, during copulation or .sej>arately, the opj)osing opinions 
on this point are harmonized. The (jucstion now remains, which 
method predominates ? 

We find eggs in the cocoon while it still encircles the cli- 
tellum. proving that they must Ik* conveyed through the slime- 
tulx*. from the oviducts on the 14th segment, to the cocoon ; and 
that they are not deposited in the cocoon when it finally ()asscs 
over these segments, as suggested by several investigators. 

We have found from one to twenty-eight eggb generally near 
the anterior end of the cocoon. In some cases these cocoons 
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were so little advanced in development that without a lens they 
could, not be detected until the slime-tube was removed from the 
worm. Examination of the tube revealed an immature cocoon, 
with a white semi-transparent covering, containing a much 
smaller quantity of albumen than is found in mature cocoons, 
but the eggs showed the stage of development found in a freshly 
deposited cocoon, /. e., the first maturation spindle at the meta- 
phase and in the center of the ^gg. Evidently the delicate cover- 
ing of the cocoon is formed before the albumen is deposited, but 
the substance that forms the chiton of the covering of the older 
cocoons is not present, for we have preserved these immature 
coverings in moist earth for twenty-four hours, and they failed 
to become yellow and tough, like the covering of the mature 
cocoon under these conditions ; they were white and soft at the 
end of the experiment.^ When the slime-tube is torn from these 
immature cocoons, we find the covering of the cocoon consists of 
two layers ; an outer, perfectly transparent layer, that can be 
slipped off the inner covering, which is thinner, more resistant, 
and semi-transparent. The former appears to be part of the 
slime-tube substance that adheres to the cocoon, but in later 
stages, when the cocoon is ready for deposition, this layer if pre- 
served becomes yellow like the under layer, which indicates it 
to be part of the covering of the mature cocoon. 

Spermathec^. 

In ID per cent, of a large number of worms dissected, each with 
a pronounced clitellum, all four spermathecae were found empty, 
this proving that the appearance of the clitellum does not indicate 
whether the spermathecae are full or empty, and also that cocoons 
can be formed until the spermathecae are entirely empty. In a 
few cases we found the spermathecae of copulating worms empty, 
even when several spermatophores were present in the slime- 
tube over the spermathecal segments, showing that, spermatozoa 
are not received into the spermathecae during the early stages of 
copulation. 

The condition of the individual spermathecae varies greatly. 
Sometimes we found only one of the four entirely empty, and 

1 In only one case, an immature cocoon, with a trace of albumen and one egg, 
showed this characteristic yellow tinge after three hours in water. 
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again only one full, while the contents of the other three varied 

in amount. We were unable to discover any constancy in these 

relations. 

Spermatophores. 

Having often observed the deposition of cocoons by copulating 
worms, one of us * was led to conclude that the spermatophores 
in the double slime-tube represented the first step in the forma- 
tion of the two cocoons. If this were true, we should find sper- 
matozoa in immature cocoons at the earliest stages. The albu- 
men from the immature cocoons found around the clitellum of 
single worms was dried on slides, stained with iron ha;matoxylin 
and examined under a Zeiss 4-mm. and a 2-mm. immersion 
lens, with the aid of a mechanical stage. This albumen resem- 
bled that found in freshly deposited cocoons, but did not contain 
spermatozoa. It is evident from the above, that the sjxrrma- 
tozoa are put into the cocoon at a later period, possibly when the 
cocoon passes over the sp)ermathecal op)enings as it is deposited. 
The fact, however, that the slime-tube shown in Fig. i extends 
to the f)osterior spcrmathecal openings suggests that in its normal 
position the tube imiv extend to enclose all four spermathecal 
op)enings, and the spermatozoa like the eggs be conveyed thfough 
the tube to the cocoon, before def)osition. But the albumen of 
three cocoons apparently just ready for deposition failed to show 
any Sfx'rmatozoa. These cocoons tightly encircled the clitellum 
and were equal in size to a freshly deposited cocoon ; one con- 
tained eleven eggs, two normal ; one contained twelve eggs, six 
norn^al ; and one contained twenty-eight eggs, five normal. The 
white covering of one cocoon after one hour ; of one after twenty 
minutes ; and of one after ten minutes, in water, became tough 
and yellow like the fresh cocoon a few minutes after deposition. 

That s|x*rmat<)Zoa arc not found in nearly mature cocoons, and 
that sj)crmatoj)hores art found in the slime-tube of copulating 
worms Ix'fore the covering of a cocoon is formed, proves beyond 
question that the s|x:rmatophore is not a device for conveying sper- 
matozoa into the cocoon. It would seem rather to be a device 
for filling the spermathecie, and it is not fomied after X\\c sperma- 
tozoa leave the s|>ermathec;L-, as conjectured \\\ an earlier pa|)er.* 

' Im. lit. 

* /.tv. it/., p. 498. 
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Spermatophores, however, are certainly not received into the 
spermathecae in the form of spermatophores, for we have vivisected 
many copulating worms having spermatophores at each end of the 
slime-tube (/. e., over the spermathecal openings of both worms) 
and the contents of the spermathecae, in every case, was quite 
unlike the spermatophore substance ; the former mixing freely 
with water, while the spermatophores do not disintegrate even 
after twenty-four hours in water. 

The granular substance secreted by the spermathecal glands ^ 
which forms the center of the spermatophores also fails to disinte- 
grate in water, and we have not been able to identify this sub- 
stance in the spermathecae. 

When copulating worms are allowed to withdraw from the 
double slime-tube, we sometimes find aggregations of spermato- 
phores in the definite areas of the slime-tube where the two 
cocoons are formed. The constrictions of the slime-tube that 
close each end of the cocoons, confine the spermatophores to 
these areas, and when filled with spermatophores, these areas 
bear such a striking resemblance in form and color to freshly 
deposited cocoons, that in our earlier observations we misinter- 
preted them as partly formed, or nearly completed cocoons. The 
true ''partly formed cocoon " has a white semi-transparent cover- 
ing, contains more or less albumen and several eggs. Prior to 
1 90 1 we had found these cocoons only in the compost not 
around the worm. We found only a few, and in every case the 
cocoon contained eggs, but as we did not preserve the albumen, the 
absence of spermatozoa was not discovered and we supposed these 
cocoons to represent a later stage of development than the aggre- 
gations of spermatophores in the slime-tube. 

The marked difference in structure of the spermatophore sub- 
stance and the contents of these cocoons was noted, as well as 
the fact that in freshly deposited cocoons we found only a very 
small number of spermatozoa, in comparison with the large quan- 
tity found in a slime tube containing spermatophores. It was 
these inconsistencies that prompted us to undertake the experi- 
ments described above. 

* Ibid. , p. 496. 



A BIOLOGICAL FARM.* 

For the Experimental Investigation of Heredity, Varia- 
tion AND Evolution and for the Study of Life-Histo- 
RiRs, Habits. Instincts and Intelligence. 

c. (). whitman. 

The biological laboratories of to-day, in design, equipment 
and staff, arc almost exclusively limited to the study of dtad 
material. Living organisms may find a place in small aquaria or 
vivaria, but they are reserved, as a rule, not for study, but for 
fresh supplies of dead material. It is no disparagement of the 
laboratory to point out a broad limitation in its ordinary func- 
tions and the pressing need of new facilities for observation and 
ex|K*riment on in-ifii^ organisms. 

The fundamental problems of heredity, variation, adaptation 
and evolution cannot be wholly settled in the laborator)'. They 
concern vital processes known only in living organisms — proc- 
esses which are slow and cumulative in effects, expressing them- 
selves in development, growth, life-histories, s|)ecies, habits, in- 
stincts, intelligence. These problems re(juire, therefore, to be 
taken to the field, the pond, the sea. the island, where the forms 
selected for study can l)e kept under natural conditions, and 
where the work can be continued from vear to vear without 
interruption. Such a held, combining land and water, and 
.stocked with animals and |)lanls, and j)rovided with a .staff of 
n.iluralisis, would have the essenti.ils of a biologic.il farn). now 
justly considered to be (»ne of the great tle.siderata of biology. 

This great need (pojtUed out in all our annual progr.immes 
since iS<;j, and named a*- one of the three leatiing purp«)scs of 
th( (ulver endow nu nt ) has been fell ever ^ince I )arwin's time, and 
ha> l>e( n strongly urgtd by sm h evoIuiiniuNts as Romanes. \'a- 
rigi)\. < lallon, W'ei^maiin and Mel(i«»la. Thus f.»r the project 
has Ml. I Ik en r*ali/(«!. e\tt j>i on a small scale through individual 
effort. 

' l\« I I r- t)i« ••>i J- .!»••■ .'. • I .»■ \I I • t Ih •'■'^i« .i1 I i! •lit- ix . at the antiual 
nirt-ii!!^. Ain;u»t I J. I *>■.• 



A BIOLOGICAL FARM. 215 

The most notable move in this direction is that of Professor 
Cossar Ewart, of the University of Edinburgh. ** The Penycuik 
Experiments" — the first product of Professor Ewart's enter- 
prise — form a brilliant illustration of the kind of fruit to be ex- 
pected from a farm devoted to experimental research. Single- 
handed, Professor Ewart attacks the problems of heredity, and 
quickly shows how decisive are direct experiments in dealing 
with such subjects as telegony, prepotency, reversion, inbreed- 
ing, etc. 

The plans proposed by Romanes and Varigny had as chief 
ends in view demonstrative tests *of the theory of the origin of 
species by natural selection. But the contest between the old 
belief in the immutability of species and the new doctrine of de- 
scent has been decided, and the original idea of the farm has con- 
sequently ceased to have great influence. 

The functions to be fulfilled by a farm are no longer prescribed 
by the exigencies of theories, but by the deeper and broader 
needs of pure research on living organisms. The problems of 
heredity and variability are fundamental, and naturally form the 
center of interest. Variability is the source of new species and 
the fountain of all progressive development in the organic world. 
In heredity lies the power of propagation and continuity of spe- 
cies. These are inexhaustible subjects, from the investigation of 
which must flow rich accessions to knowledge, which will redound 
to the advancement of human welfare. 

These subjects are in some aspects and details amenable to 
laboratory research ; but for the most part they can only be 
effectively dealt with under conditions represented in the farm. 
This holds, for example, in that most promising branch of experi- 
mental biology — hybridisation. Botanical gardens and zoological 
parks have been utilized to some extent in this work, but they 
are adapted to show-purposes, and of little value for research of 
this kind. The far-reaching importance of this subject, both for 
science and practical breeding purposes, is well attested in Mr. 
Ewart's experiments, in those of Hugo de Vries, as recorded in 
his monographs on the origin of species in the plant world, and 
again in Mr. Bateson's " Experimental Studies in the Physiology 
of Heredity." 



2l6 WHITMAN. 

The functions of a biological farm are not all summed up in 
experimentation. That old and true method of natural history — 
obscn'aiion — must ever have a large share in the study of living 
things. Observation, experiment and reflection are three in one. 
Together they are omnipotent ; disjoined they become impotent 
fetiches. The biology of to-day, as we are beginning to realize, 
has not too much laboratory, but too little of living nature. The 
farm will certainly do much to mend this great deficiency. The 
farm would enable us to work out life-histories, bring us face to 
face with instinct, put it under control, so that we could handle 
it. photograph it, analyze it, read its history, and extort from it an 
answer to the question. Whence and how came intelligence ? 

It would enable us to extend the study of development beyond 
the stages represented in the egg and the embryo to those leading 
up to mature age, and thus bring within reach vast series of most 
important data for the study of evolution. 

In such data we might expect to see to what extent individual 
development recapitulates race development, and to get important 
clues to the meaning of this so-called biogenetic law. The whole 
meaning of development and heredity is involved in these phe- 
nomena of *• recapitulation." That the first step in recapitulation 
is the germ -cell, we know. The fertilized germ, or egg, passes 
through a series of form-stages, leading through the morula, 
blastula, gastrula, embryo, larva, etc. Whether these stages 
epitomi/.e the ancestral scries is a (|iiestion very difficult to decide, 
and <>[)inion is much divided. This obscure but fundamental 
problem of development can probably never be solved by embryo- 
logical data alone. Paleontology throws much light on the 
general (juestion, but deals entirely with non-living remains. If 
there be recapitulation, it should certainly be discoverable in 
[)ost-embryonic stages, where characteristic features are slowly 
elaborated and brought to a completion in detail (juite beyond 
the possibilities in earlier life. Strange to say, these later stages 
have lx:en but little studied in living forms, museum morgues 
having Ix-en the chief reliance It is in these stages that recapitu- 
lation may be actually seen as a lite-process, successive stefis in 
evolution re[XMting themselves with sufficient fullness to satisfy 
the most skeptical. Such sequences are often manifest in the 
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development of instinctive behavior, and even in voice-changes 
and food -instincts at certain life-epochs corresponding seemingly 
to evolution -epochs. Remembering that the distant ancestors 
of land animals were undoubtedly aquatic, the history of in. 
dividual development in amphibious forms of to-day becomes 
intelligible as an abbreviated and variously modified record of 
race development. Making all allowance for secondary adaptive 
changes, it is nevertheless safe to say that race evolution is 
sketched in the development of the individual — sketched not only 
in fundamental features of structure, but also in the accompanying 
physiological and psychological changes. 

Reminiscences of aquatic life are seen not only in land animals 
that return to the water to deposit their eggs, but also in all the 
higher animals, since they begin life in the unicellular stage and 
require for their first development to be bathed in fluid. 

Sequence in color-patterns, so characteristic of young animals 
of almost all species, and especially so of birds, furnishes in- 
numerable illustrations of the biogenetic law, and in many cases, 
where only two extremes of the sequence are present, it is possi- 
ble by simple experiment to bridge the gap, and thus to show 
that the two extremes are really two stages of a continuous 
development. For example, in some wild species of pigeons we 
find that the color-pattern of the first plumage succeeding the 
down is so different from that of the second (adult) plumagt, as 
to appear to have no direct developmental relation to it. By 
plucking one or more feathers from the first plumage at differen 
times before the first moult, intermediate stages can be obtained, 
showing precisely how the first pattern can be progressively con- 
verted into the second. Such experiments enable us to force 
from nature more complete records of her past and present doings. 

Work on living organisms, dealing with such subjects as 
heredity, variation, adaptation, correlation, development, re- 
capitulation, hybridisation, origin of species, nature of specific 
characters, life-histories, habits, instincts, intelligence, etc., re- 
quiring uninterrupted continuance from year to year for long 
periods, under conditions that secure most favorable control for 
experimentation and study, calls for facilities which have yet to be 
provided. 
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There is no quite satisfactory name for the new plant required 
for such work, and no one has suggested a practical method of 
developing it. Biological Farm, broadly defined, is perhaps the 
best we can do for a name, as the work would be, so far as pos- 
sible, upon plants and animals under cultivation. A considerable 
tract of land, of varied surface, including woods, fresh-water 
ponds, some brackish water, and a stretch of sea-shore that could 
be utilized in the cultivation and study of marine animals, would 
represent the essentials of the form headquarters. 

The best location for the farm would be in the immediate 
vicinity of a laboratory holding the position of a national center 
of biological research. The Marine Biological Laboratory has a 
good prosjxrct of becoming such a center, if it is not one already, 
and its proximity to the United States Fish Commission Station 
only insures additional advantages, of great importance to the 
farm. The farm, the laboratory, and the station would be re- 
ciprocally helpful and stimulating, and in many problems the 
three could work hand in hand, each supplementing the work of 
the others. These three establishments would form a most com- 
prehensive biological center, such as has never been e(}ualled. 

In dealing with the [)roblems of heredity and variation, it is of 
the highest importance to know the history of the matinal to be 
investigated. It is this prime essential that is so conspicuously 
missing in most of the work hitherto done in these lines. Curves 
and formuhe may be all right mathematically and yet all wrong 
biologically. Fven (iaiton, the father of the statistical school, 
warns us that ** no pursuit runs l)etween so many [)itfalls and un- 
.seen traps as that of statistics." ( liiometrika, I., p. 8.) 

The farm will furnish material with cxiut rnonis, and will 
thus render .i moNt important service to laboratory workers. A 
single illustration will sufllce. It has been discovered that the 
paternal and niatern.il chrom<)sonies in tiu- cross-frrtili/cd c^^^ 
reni.iin distinct, at least in the carliir stages of development. 
This seems to .urcount for the f.irt that hybrids of the first gen- 
eration between distinct sjKcjes are generally ** intermetliates.'* 
When these hybrids breed iNftr w (»r with tiie parent spcries, wc 
often ;;et so-ealled '* reversions." Hitherto we h.ive in »t found 
any explanation for these " reversions. ' The solution of thi.s 
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most interesting problem in heredity only waits for the right ma- 
terial with precisely defined origin, and for this the laboratory 
could look to the farm. But the farm would do more than sup- 
ply the needed material ; its records and experiments would sug- 
gest the theory and give the physiological test, while the labora- 
tory work would find the morphological test. The cooperation 
between laboratory and farm would thus be intimate and of ines- 
timable value in a multitude of ways. 

It must be remembered, moreover, that Wood's Holl has great 
natural advantages as a location for the farm. Ever since Baird's 
time it has been generally known that this is the best place on 
the Atlantic coast for the study of marine biology. Indeed, 
Wood's Holl has become a strong biological center by virtue of 
the exceptional opportunities for work here offered in a varied 
and extensive shore fauna and flora, in numerous accessible 
islands rich in forms of peculiar interest, and in many perfectly 
isolated fresh-water ponds, brackish ponds, and salt-water ponds 
of easy control. These attractive features, together with a cli- 
mate suited to both winter and summer work, certainly comprise 
the essentials of a good location. 

A further consideration in favor of this location is the fact that 
here for the first time in this country the farm project was defi- 
nitely formulated ; and, what is more to the point, it is here that 
the first step in the development of a farm has been taken, and 
the work carried forward for some six years by individual en- 
deavor. The birthplace of an enterprise is not likely to be a 
pure accident. In the present case it was certainly determined 
by the various causes which have- conspired to make Wood's 
Holl a biological center. This center has at least fifteen years 
of growth, and every year makes it stronger and increases its 
importance as a location for the headquarters of a biological farm. 

The argument for location has already suggested that the 
farm is not necessarily limited to a single tract of land. It is de- 
signed to supplement, and cooperate with, a laboratory, and hence 
must have its headquarters conveniently near. There is no reason, 
however, for limiting its territory to the ground selected for this 
purpose. If, to take a familiar example, a study of the terns 
were to be undertaken, we should undoubtedly resort to Peni- 



220 WHITMAN. 

kcse, taking advantage of the headquarters selected by the birds. 
If we were to take up some groups of migratory birds, we might 
find it desirable to migrate with them, changing our location to 
suit their summer and winter predilections. For forms settled 
in tropical regions, longer excursions might be necessary, and 
this might lead to the development of a new farm. These possi- 
bilities do not in the least conflict with the plan proposed for 
Wood's Moll. No matter where a farm be located, it must have 
head(|uartcrs, and occasionally extend its field of work to more 
or less distant points of interest. 

The headquarters must be in close touch with a laborator>', 
and both should Ik* in a place where the natural advantages and 
the organization arc such as to draw a large number of investi- 
gators — most emphatically not in a pliice that invites a large 
number of spectators, as in the public parks of cities. In this 
latter respect Wood's Holl is most perfectly adapted to the pur- 
pose, and the prosjK-ct is good that we shall never be troubled 
with throngs of summer visitors. This is an ideal feature in the 
situation that it would Ik* hard to duplicate. 

The practical (juestion arises as to how to proceed with the 
development of a farm. Our limited experience .strongly con- 
firms the opinion with which we si-t out, namely, that the best 
method is to develop the farm slowly, .section by .section. I^ach 
section should be a group of related s[K'cies, selected with a view 
to combining a wide range of problems. It should be develo[Kd 
and directed by an investigator prepared to make it his life-work. 
This investigator, or director, should have the suppr)rt of a num- 
Ixr of assistants competent to deal with sj)ecial problems, one or 
two artists, a photographer, a stenographer, a keeper and a busi- 
ness superintendent. 

I)evelo|)ed in this way, the c«>st of m.iintenance would not be 
heavy at first. Ten thousand dollars a year would support a 
large an I thriving .section. The multiplication of sections and 
the gr.idu.il growth «>!* the work wi)ul<l call for a larger income. 
A f.irm tjf ten large sections would require an endowment of a 
n)illion, and it is easv U* see r<»otn for manv millions. 

If the s».luine h< le tuitlined approaclus the ideal which science 
i.s waiting t«» see reah/ed. it will be .seen that the farm does not 
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find its chief purpose in demonstrations of the truth of evolution 
or in testing the theory of natural selection. It is not a project 
designed simply to turn out curves and formulae for the delecta- 
tion of the knight-errants of statistical lore, nor is it the particular 
pet of any school or fad. Moreover^ the prevailing idea that it 
has something in common with a zoological or botanical park 
rests on a total misapprehension. The organization, management 
and all the conditions obtaining in the public park are incongruous 
with those required for a research farm. Heterogeneous collec- 
tions of animals, exhibited for the amusement of people, are 
wholly unsuited to the purposes of investigation in time, place 
and character. For the kind of work contemplated, the investi- 
gator must have forms of his own selection, collected, arranged 
and kept for his special purposes. He must have complete and 
permanent control of his quarters and the forms he is to study, 
and above all, coviplcte isolation from the public. Only under such 
conditions could he have the unbroken quiet required in delicate 
observation, or expect natural behavior from the forms occupying 
his attention. 

The farm project, let me say in conclusion, is one we cannot 
afford to see drawn away from Wood's Holl. It is an under- 
taking born and nurtured here, on a small scale to be sure, but 
still sufficient to give results and make clear the direct path to a 
large and most important development. 

Hitherto we have felt perfectly secure in our right and ability 
to control the direction and scope of our development. Whatever 
compensation we may receive for the surrender of rights that go 
with the transfer of ownership to another institution, let us have 
no illusions. We shall henceforth only be a few among many 
advisors on the questions that concern the scope of our work 
and the enterprises that shall be permitted free development here. 
We shall undoubtedly be left quite free to manage the details of 
our work, but the decision of matters of far more fundamental 
concern to all who are deeply interested in the ideal development 
of a real biological center here — questions of the broader limits 
and character of our work — the decision of all this will certainly 
not be wholly with us. Not to realize this, would be woful 
blindness to the situation. The extent to which we can have and 
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hold our ideals will depend on the influence we can bring to 
bear, and in this all -important matter the Corporation can have, 
and will have, I trust, earnest work to perform. 

Summary Statement. 

Laboratories. — The biological laboratories of to-day are almost 
exclusively devoted to the study of "pickled" animals and 
plants. They have very few and inadequate facilities for the 
study of lii'iftj^ organisms. This is a limitation for which no 
remedy has thus far been provided. 

Fii'U'ii'ork. — l-'or the study of development, growth, life- 
histories, species, Imbits, instincts, intelligence, heredity, variation, 
adaptation, hybridisation, etc.. we can neither depend upon the 
laboratory nor upon the field-work of naturalists. A world-wide 
field in which there can be no control of the forms to be studied, 
and no [)ossibility of continuity in observation or opportunity for 
e-xperiment obviously docs not meet the re(|uirements of science. 

lUoloi^ical I'arm, — Tiie laboratory is too narrow, and the world 
too wide for the continuous study of living organisms, under 
conditions that can be definitely known and controlled. For 
sucii study, selected groups of organisms and a limited territory, 
with favorable conditions of land, water ami food are needed. 
Territory, living organisms ami scientific staff would constitute a 
new [)lant, which might be called a /yio/oj^ica/ l-arm, 

(irounds. — The grounds of a biological farm would vary in 
extent with the j^rowth of the work, from ten to a hundred or 
m«)re acres. Land, woods, fresh -water ponds, sea-shore and 
i^Iaruls would make a good c«>ml)ination. 

I.Oi titt^'U. — The location «)f head<|uarters should be at a biological 
center, near laboratories dfiiuing a l.irge number of investigators, 
but at a safe dist.mce from .my large city or summer resort. 
These pfime .icK.uit.iges of situatior) sujKraddeil to the excep- 
tiou.il natural advantages of avail.ible grounds are represented at 
Woods Holl. 

Xaturai i\ntiit!oft.s. — A biol«igical farm .shouM include the 
largest possible diver>it\' <»f n.itural conditions to insure wide 
freedom of development Awd oj)portunity for experimentation. 
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Water is the first essential, and three forms of this element are 
needed, namely, sea water, brackish water, and fresh water. All 
three forms abound at Wood's Holl and vicinity. The fresh- 
water ponds are numerous, and many of them, both on the main- 
land and on the neighboring islands, are completely isolated and 
stocked with forms in-bred for centuries. Brackish water in 
almost every degree, pure sea-water and tide-currents are right 
at hand. 

Land is the next essential, and here we have hill, plain, marsh, 
swamp, shore and islands, and some of these islands are inimitable 
biological farms of nature's own make. 

A seasonal range of temperature is essential to the existence of 
a majority of the forms best suited to cultivation and study ; and 
in this are supplied very important conditions for experimental 
work. The surrounding sea protects Wood's Holl from the ex- 
tremes of heat and cold. 

Isolation, — The most favorable combination of conditions may 
be utterly worthless, unless the farm can be made secure in its 
isolation from the public. Its work must go on in a qjiiet en- 
vironment^ where all the conditions are under control, and the 
investigator is free from the danger of intrusion. 

Mode of Development, — The work should be developed slowly, 
section by section, each section consisting of a group of related 
species, or a single species, offering a wide range of problems. 

Each section should be in charge of a director, prepared to 
continue the work during life, and supported by assistants and 
help for all routine and mechanical service. The staff would 
consist of directors, assistant investigators, artists, photographer, 
clerical help, keepers and a business manager. 

Outlay and Maintenatice, — The original outlay for land, stock, 
buildings, equipment, inclosures of land and water for isolation 
purposes, would vary according to the forms selected for study. 
From §50,000 to $100,000 would suffice for this. The main- 
tenance of the first section, including salaries, accessions to stock, 
library, etc., may be estimated at §10,000 a year. The cost of 
additional sections would be about §5,000 each. 

Ideal Center. — The association of three such institutions as the 
Marine Biological Laboratory, the U. S. Fish Commission Sta- 
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tion, and a Biological Farm would form an ideal biological center. 
Kach would help and be helped by the other two. 

Cooperation, — There should undoubtedly be several biological 
farms in the country-. The larger universities might well have 
their own farms, and thus very extensive and effective coojKra- 
tivc work be carried on. 

I 'sr to Scicnci. — Tiie farm would enable us to approach all the 
fundamental problems of life from the two sides of observation 
and experiment on living organisms. It would furnish material 
for study with preci.se records, and make it possible to keep up 
continuity in the experimental study of heredity and variation. 

Pnu'tii'iil Utility. — The utility of such work is .seen when wc 
reflect on the practical results already realized in the multiplica- 
tion and improvement of domestic sjKrcies of animals and plants 
through cross-breeding, hybridisation and selection. We have 
very meager and uncertain knowledge of the laws of heredity 
and variation — laws wiiich underlie all progress of the race. 



STUDIES ON REACTIONS TO STIMULI IN UNICEL- 
LULAR ORGANISMS. X. THE MOVEMENTS AND 
REACTIONS OF PIECES OF CILIATE INFUSORIA.- 

H. S. JENNINGS AND CLARA JAMIESON. 

The present paper records an attempt to investigate by opera- 
tive procedure the division of labor among the organs of locomo- 
tion of the ciliate body ; to determine the part played by cilia of 
different position or structure in the usual movements and reac- 
tions. In many of the Ciliata the body is much differentiated, 
often bearing a number of different sorts of simple or compound 
cilia, variously distinguished as membranellae, cirri, setae, cilia 
proper, and the like. In such organisms as Stylonychia (Fig. i) 
and Stentor these different structures have a characteristic distri- 
bution, and apparently differ markedly in function. Even in less 
differentiated infusoria a distinction between oral or peristomal 
cilia and body cilia can usually be made. 

Observation of the behavior of these animals indicates that 
there is a division of labor among these cilia in the production 
of the usual movements. The organisms as they swim through 
the water follow a spiral course, usually swerving continually 
toward one side, but compensating the deviation thus caused by 
rotating on the long axis. The swerving is as a rule (though not 
invariably) toward the side away from the peristome or the oral 
cilia. The stroke of the oral cilia is of such a character as to 
tend to turn the body toward the side opposite to that on which 
they are situated, so that the swerving appears to be due to these 
cilia, — aided, as a rule, by the form of the body. 

In reacting to most stimuli, these organisms turn toward a 
structurally defined side (see Jennings, 1900), and, as a rule, this 
is again the aboral side, or that opposite the oral or peristomal 
cilia. Observation indicates that this is due to the stroke of the 
oral cilia, or in some cases to a still smaller and more localized 
group of cilia. This has been set forth by a number of authors, — 

^Contributions from the Zoological Laboratory , of the University of Michigan, 
No. 56. 
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notably by Pearl (1900), in the case of Colpidium, and by Putter 
(1900, p. 273), in Stylonychia, In Colpidium, according to the ob- 
servations of Pearl, it is a group of cilia at the anterior end of the 
body which, invariably striking toward the oral side when the animal 
is stimulated by the electric current, cause the body to turn toward 
the aboral side. In Stylonychia it is the entire group of peristo- 
mal cilia that, striking toward the oral side, cause the body to 
turn toward the aboral side.* We can testify from our own ob- 
servations that these relations seem clear. One naturally con- 
cludes, therefore, that the sidcwise motion is determined by these 
peristomal or anterior cilia, and that if they were removed the 
motion would no longer occur. Massart (1 901, p. 27), on the 
basis of Pearl's work, accepts the idea that the sidewise move- 
ment is caused by different cilia from the backward or forward 
motion, — aiding thus to distinguish between what Massart calls 
phohistn (the backward movement in reaction) and clinism (the 
lateral movement). 

The work here set forth was undertaken for the [)urpose of 
getting further light on this and related matters. If the anterior 
or oral cilia are removed by operation, will the organism no longer 
turn toward the aboral side when stimulated ? And is the char- 
acter of the spiral swimming modified by removal of such cilia? 
In general. d(K's the removal of specific groups of cilia (with the 
accompanying alteration of the body form) iiave sjK*cific effects 
on the movements of the animal ? 

The behavior of pieces of infusoria has been studied by VYt- 
worn (lSS(;) and li.ilbi.mi ( 1SS8).- The results of these investi- 
gators are of the gre.itcsl intrrest. but do not touch sjx.'cifically 
the iiuesti«)ns raised alx>ve. They found that pieces of ciliates 
move in gcner.il in tlic same manner as do the entire organisms. 
The rc.iction to stimuli by turning toward a cerl.iin structurally 
dchncd side, .md the swerving tow.ird a slructur.illy defined .side 
in the spir.d course, m tlu' uninjured .uiiinal, luul not at that time 
l>een obscrve«l. so that these matters were, of course, not observed 
for the pieces. The questions proposeil in this j>;ijx:r were there- 
ft»re n«it tt»uched by the ex[HTiments of X'erworn and Halbiani. 

' I l»c*c ai«- 4i«lril III \\\v turiiin^;. atdinliii;; l<i rullcr, l»% \\\v *'runiiinjj iili.i." 
• l'><alt>iaiir'« |>.t{x-r wr ha\c Inii unaMc (<> voii^uU. vi that \%r iiiuot «It-{>riul u)M>n 
the a(.i«*unt nf it ^ivcii by Xt-rwoni. 
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In giving an account of the results of our experimentation, 
matters which were described by Verworn (1889) will not be 
dwelt upon, but the account will be confined to the points bear- 
ing on the questions raised above. 

The operation of cutting the animals was done with a small 
knife, under the Braus-Driiner stereoscopic binocular, which has 
great advantages for such work. It was 
found best to cut the animals when resting 
against a clean glass surface. Most of the 
operations can be performed by the aid of 
some patience without great difficulty. In 
all cases the results set forth are drawn from 
experimentation and observation on a con- 
siderable number of specimens. 

I. Stylojiychia, — Putter (1900) gives a 
full account of the normal movements of 
this animal when uninjured, with a careful 
analysis of the action of the different cilia in 
producing the movements. For our pur- 
poses it is important to note the following 
different movements, (i) The animal runs 
forward on surfaces, chiefly or entirely by 
the aid of the "running cilia" b. Fig. i. ventral surface, showing the 

, V ,,,, ,. 1 ^ 1 -^ • 1 i_ 1 i.^^i distribution of locomotor 

(2) When stimulated it jerks back a little, , r, j^ _, 

^ ^ •' * organs (after Putter, 1900). 

then turns to the right or aboral side. 

This turning appears to be due to the lateral stroke of the 
large peristomal cilia a. (3) The animal may also swim freely 
through the water ; in doing so it swerves continually towards 
its right side, and revolves on its long axis from right over to 
left — the resulting path being a spiral. The swerving toward 
the right appears to be due to the lateral stroke of the peristo- 
mal cilia, and the revolution on the long axis might well be due 
to the same factor. 

When Stylonychia w^as cut in two transversely just behind the 
mouth, so that the entire peristome remains with the anterior half, 
the pieces move as follows : 

I. Anterior half, possessing peristome (Fig. 2, a). — After the 
first shock effects, the movement throughout is nearly like that 




Fig. I. S/yloftychia^ 
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of the uninjured animal, but somewhat more rapid than usual. 
The piece runs forward on the bottom, turning to the right when 
stimulated. It differs from the entire animal in that it much more 
rarely jerks backward when stimulated, though it does this when 

the stimulus is powerful. When swim- 
ming through the water, it revolves to 
the right and swerves to the left, as in 
the entire animal. Since the anterior 
half possesses the peristome, the simi- 
larity of its movements to those of the 
uninjured animal was to be anticipated. 

2. Posterior half, without peristome 
(Fig. 2, h\ — Immediately after the oper- 
ation the piece jerks rapidly backward, 
turning at the same time toward the 
right side. After a time it becomes 
quieter, and now it reacts essentially like 
the entire specimen, though it is some- 
what less active. If stimulated with the 
glass hair at the posterior end its runs 
forward ; stimulated at the anterior (cut) 
surface, it jerks backward and turns to 
the right. Chemical stimuli cause the 
same reactions. A little in 20 XaCl, 
or a weak solution of methylene blue 
was introduced with a capillar}' tube close 
to the [)iece ; on coming in contact with 
the chemical the piece backs and turns 
to the right, just as is done by the en- 
tire animal. 

Thus the [)rcsence of the [K'ristomal cilia is not the determining 
factor for the invariable turning to the right as a response to 
stimuli. 

^ Tostcrior one fifth. — The movements are somewhat less 
well cfK)rdinated than in the larger pieces. But after the shock 
effects have ceased, the piece creeps forward, turning to the right. 
It swims slowly through the water, swerving to the right and 
revolving to the left, as in the uninjured sjnrcimen. 




Fl<;. 2. .\n(crior (a) And 
(M^fttrrior I h ) halves (t{ Sty- 
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4. Anterior one third. — This is very rapid in its movements, 
and circles almost continuously to the right. In the free water 
it revolves in the usual way. When stimulated, it turns to the 
right, but does not jerk back, 

5. Middle one half. — This was obtained by cutting off the 
anterior and posterior fourths of the body. Its movements and 
reactions are essentially similar to those of the uninjured specimen. 

6. Right and left halves. — These were obtained by splitting 
Stylonychia lengthwise. They move and react (after the shock 
effects have ceased) in nearly the normal manner. Thus, when 
stimulated mechanically or chemically, they jerk backward, and 
the right half turns toward its right (uninjured) side, while the left 
half likewise turns toward its right (injured) side. 

A specimen was cut lengthwise in such a way that the left 
piece was a strip comprising about one third the body. This 
moved somewhat irregularly, but reacted in the same manner as 
the left one half just described — though it evidently bore no 
part of the peristome. 

7. A small, left posterior corner, comprising less than one 
fourth the animal, reacted, after the effects of the shock had 
ceased, in the usual way — by backing and turning toward the 
right. 

Thus, on the whole, pieces of Stylonychia from any part of 
the body, if amounting in size to as much as one fourth to one 
half of the animal, move and react essentially like the entire speci- 
men. In very small or very irregular pieces the movements be- 
come irregular, as might be expected. 

Similar results were obtained with Oxytricha fallax, and with 
a number of unidentified Hypotricha, though the smaller size 
makes most other species less favorable for such experimentation 
than is Stylonychia. 

II. Stentor cceruleus, — In Stentor the oral (or adoral) cilia or 
membranellae form nearly a circle at the broad anterior end of 
the body. Stentor, when free swimming, follows a spiral path, 
revolving from right over to left. It reacts to chemical and me- 
chanical stimuli by backing a little, then turning toward the right 
aboral side. It is evident to observation that the adoral cilia play 
a large part in the turning ; from their large size and their posi- 
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tion at one end of the body it would be natural to conclude that 
the turning is due to them alone. 

1. The entire anterior disk, with the adoral cilia and the mouth, 
was removed by a transverse cut near the anterior end (Fig. 3). 
The posterior portion {d, Fig. 3), having only the body cilia, 
swam through the water as usual, in a spiral, revolving from 
right over to left. The aboral side in SUntor cicr ulcus is usually 

curved in a very different manner 
from the oral side, so that it is pos- 
d sible to distinguish the two sides 
even when the disk is removed. 
The specimen deprived of the disk 
and anterior cilia reacted to me- 
chanical and chemical stimuli by 
backing and turning toward the 
aboral side, just as does the unin- 
jured .specimen. 

After a time the s|K*cimen attach- 
ed itself by the foot, and extended 
in the usual manner. Currents, 
due to the ciliary action, then 
I^Lsscd backward toward the foot, 
or at times they were reversed, 
passing in the opposite direction. 
There was, however, no evident 
Km. j. stnttof, tut iraiiHvir^iy whirlpool formed, with a definite 

^ center, as in the unmjured speci- 

men. The animal fmm which the disk had been removed, after 
l)ect»ming attaclu-d, reacted to mechanical stimuli by turning into 
a new position, and later by contracting, just as happens in the 
uninjured >|)ecinun. (( )n the brh.ivior of Stcntor, see Jennings, 

2. The disk portion dig. \. </), bearing the adoral cilia and the 
mouth, also in<»\td and reacted in the usual manner — revolving 
to thr 1( ft as it swam. an»l rrsponding to stimuli l)y l)acking and 
turnini; t«»\v.inl the al)or.il side. 

3. INisterior one f<»urth — ct>m|)rising alxnit one halt the slen- 
der "stalk" of Sttutor. — This swims about, revolving to the 
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left. Whether on stimulation it turns toward a definite side could 
not be determined. After a time the small piece fixed itself by 
the foot and extended. The currents caused by the cilia were 
most of the time directed away from the attached end, being 
thus the reverse of the normal currents. At times, however, the 
current passed toward the foot. 

When stimulated mechanically, the piece responded, like the 
entire Stentor, by bending into a new positiom, and later by con- 
tracting. 

III. Spirostofnum ambiguum. — Essentially the same results 
were obtained with this large infusorian as with Stylofiychia and 
Stcfitor, Both the anterior half, bearing the adoral cilia, and the 
posterior half, without adoral cilia, move and react in much the 
same way as does the uninjured individual. They revolve to the 
left when swimming freely through the water, and turn toward 
the aboral side when stimulated. The anterior half moves more 
rapidly than does the posterior half, and when stimulated turns 
through a much greater angle than does the latter. The poste- 
rior half, if not strongly stimulated, frequently remains nearly 
quiet, or oscillates back and forth, as described in the third of 
these studies (Jennings, 1899). If stimulated mechanically or 
chemically, however, it backs and turns toward the aboral side. 

A posterior one third of the body reacts in the same manner 
as the posterior one half. 

A minute piece from the posterior end, less than half the 
length of the contractile vacuole, moved in the normal fashion, 
revolving to the left, and moving with the anterior (cut) end in 
front. The reactions to stimuli in such a small piece are very 
difficult to determine. 

IV. Paramecium caudatum. — Paramecium is, of course, much 
less favorable for work of this character than are the infusoria of 
which an account is given above. This is due in part to the 
minute size and rapid movements of Paramecium ; in part to the 
strong tendency for the cut pieces to disintegrate at once. But, 
with much patience, satisfactory anterior and posterior halves can 
be obtained. 

I . Anterior half, bearing the oral groove and mouth (Fig. 4, a). 
This moves and reacts almost exactly as does the entire animal, — 
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revolving to the left, and turning toward the aboral side when 
stimulated mechanically or chemically. 

2. Posterior half, without oral groove or 
mouth (Fig. 4, b). Much pains was taken to 
remove the entire oral groove and mouth, so 
that the posterior piece was usually a little 
less than one half the body. It was possible 
to distinguish the aboral side by the presence 
there of the contractile vacuole. The pos- 
terior half swims in a spiral, revolving, like the 
uninjured animal, to the left, and keeping the 
aboral side to the outside of the spiral. Its 
movements are slower than those of the an- 
terior half, and it is much less sensitive, not 
reacting so readily to stimuli. The reaction 
to mechanical and chemical stimuli is by jerk- 
ing backward and turning toward the aboral 
side, as in the uninjured individual. Thus the 
presence of the oral groove and oral cilia is 
not necessary in order that the usual move- 
ments and reactions may occur. 

3. Middle third of Paramecium (anterior 
and po.sterior ends removed). — This behaves 
essentially like the anterior and [X)sterior halves, 
or the entire animal. 




I'lc. 4. Parame- 
cium cut trmn«ver»c- 
ly. (7, anterior half, 
with mouth ami oral 
cilia. A, pt>Meri(>r half, 
without mouth or oral 
cilia. 



SlMMAKV AND CoNCLl'SlONS. 

In all the Ciliata studied, including several of the Ilypotricha 
(Sty/on Yi Ilia, O.iy/rn/ia, etc.), two of the lleterotricha {SttNtor 
and S/^tnfs/ffmum), and one of the Hol»)triclia [Paramirium), the 
movements and reactions of pieces of the organisms, if these arc 
not too minute or too irregular in form, are essentially similar to 
those of the entire animal. The pieces swim in a spiral, swerv- 
ing continually towanl a certain side, just as do the entire organ- 
isms. They react to chemical and mechanical stimuli In* bcick- 
ing and turning toward the .same structurally defined side, as do 
the entire aninuls. This is true of pieces forming one fourth to 
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one half the entire animal, whether taken from the anterior end, 
the posterior end, the right or left side, or the middle of the 
body. It is true, whether the piece does or does not bear any 
of the oral or other differentiated cilia. 

These results establish the following facts : 

1. The turning toward a structurally defined side after stimu- 
lation is not produced alone by the oral or peristomal or anterior 
cilia, or by any particular set of cilia, since it takes place in pieces 
of the body containing no specially differentiated cilia. 

2. The swerving toward a certain side in the spiral swimming 
is not due alone to any special set of cilia, since it occurs in pieces 
from any part of the body. 

3. The swerving toward a certain side is likewise not due to 
the geometrical form of the body (as to a groove on one side, 
such as we find in Paramecium)^ for it continues when the form 
of the piece is essentially altered (as by the removal of the oral 
groove in Paramecium). 

4. The revolution on the long axis in a certain direction, while 
swimming, is not due to any special set of cilia, nor to any pecu- 
liarities of form of the body, since it occurs in pieces from all 
parts of the body. 

5. From the foregoing paragraphs, 1-4, it must be concluded 
that the revolution on the long axis, the swerving toward a 
defined side in the spiral cour3e, and the turning toward a struc- 
turally defined side when stimulated, are due to the method in 
which the cilia strike. This peculiar (one-sided) stroke is not 
limited to any particular set of cilia, but is shared by all the 
body cilia. 

Division of labor is thus not marked, so far as these points are 
concerned, among the locomotor organs of these animals. As 
any portion of a crystal is organized like the entire crystal, so in 
the Ciliata any piece of the body, apparently, is organized so as 
to move and to react to stimuli in the same manner as does the 
entire animal. 
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NOTES ON THE NATURE OF -ARTIFICIAL PAR- 
THENOGENESIS" IN THE EGG OF PODARKE 

OBSCURA. 

AARON L. TREADWELL. 

The results obtained by Lillie^ on the phenomena accompany- 
ing artificial parthenogenesis in Chcetoptenis led me to repeat the 
experiments, using Podarke obsctira, with the idea of determining 
if similar results appear in this genus. I was much interested, 
also, in the question whether cleavage produced by chemical 
stimulation bears any resemblance to the normal cleavage ; the 
latter, in this form, having been carefully followed. 

That Podarke eggs would develop into ciliated embryos in this 
way was first determined by Dr. A. W. Greeley, to whose 
courtesy I am indebted for suggestions in the use of his method. 
This was treatment for one hour with a mixture of 20 c.c. of a 2^ 
nKCl solution -|- 80 c.c. of sea water. They were then trans- 
ferred to sea water, and, after a variable length of time, began 
to divide. A solution of 221^2 c.c. of 2]/2, nKCl solution 4- 77^ 
c.c. of sea water was also used, but gave less satisfactory results 
than the other. Through lack of material I did not use any 
other solutions, and experimented only with unfertilized ^^%s. 
This leaves my observations very incomplete, but the results thus 
far obtained seem worth recording. 

Controls were kept in each experiment. A few of the control 
eggs after twelve hours or more in sea water passed into what 
might be termed, by a superficial observer, a *' morula" stage. 
The cytoplasm breaks up into a great many small globules with 
no trace of nuclear division, the chromatin lying generally in one 
globule, which is usually larger than the others. These never 
develop further, and there was never any trace of nuclear cleav- 
age or ciliated embryos in the control eggs. A similar breaking 
down into a *' morula " occurs in unsuccessful experiments among 

^ F. R. Lillie, Differentiation without Cleavage in the Egg of the Annelid 
Chatopterus ptrgamentaceus. Archiv f. Entwick. d. Oi^nismen, 14 Bd., 3 and 4 
lift. 
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the eggs treated with the KCl solution and a few usually appear 
among the ciliated embryos of a successful experiment. 

When laid, the egg of Podarkc passes into the stage of the 
first polar spindle, and remains in this condition until fertilized. 
It is not at all uncommon to find among late cleavage stages 
eggs which have escaped fertilization, and invariably they show 
the first polar spindle. Treatment with the KCl solution appar- 
ently docs not stimulate the egg to form the polar globules, for 
I have no*, been able to find any of the latter, and in the one-cell 
stages found in my preparations the chromatin is either packed 
into a small, deeply staining mass, or scattered through the c>to- 
plasm. Apparently, though I have not as yet sufficient evidence 
to demonstrate the accuracy of this conclusion, if the causes 
operating on the egg are such as to produce the former condition, 
the further change, if any occurs, is j)urely cytoplasmic in its 
character, while if the second condition appears, the egg may 
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Fn;. I. Uivision of cvtoplasni without nuclear division. (*. Chromatin. I*rc' 
Krircd material. 

Yvw. 2 and 3. I.ikc Kij». I but showing a mure complete division of the cyto- 
plasm. IVescrvcd material. 

subsequently divide by a nuclear as well as a cytoplasmic 
division. 

As illu.slralions of the former case, .see Figs. I to 3.' These 
were drawn from material preser\'ed two hours and twenty minutes 
after the transfer to .sea water. At this time the eggs were in active 

' A nirmliranc is present in all «»f thc^e c^jjs, hut is repre*>enlotl only in \\^. I. 
Ihr ilr.i^in^ lr«mj prrsrrsetl niati-rial show* a wi<ler -^p.ice l>etueen the e^jj and the 
mrtiiiir.tiic than exists duriik||{ lite. 
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amoeboid movement, though, as the egg membrane is closely 
applied to the surface of the egg, these movements are not as 
noticeable as in other animals. They were, however, sufficient 
in amount to make camera drawings impracticable. The pre- 
served material shows that the cytoplasm is apparently broken 
up into distinct globules, though from the appearance presented 
by the living egg I think it altogether probable that they are 
really in communication with one another, these '* globules *' be- 
ing really amoeboid processes. As seen in the drawings, these 
preparations bear a superficial resemblance to a cleaving ,egg. 
There is, however, absolutely no resemblance to the normal 
cleavage, and a study of the stained material shows that the 
division is one involving only the cytoplasm, the chromatin being 
massed together in one of the spheres. This sphere is usually, 
though not always, larger than the 
others. (In the egg from which 
Fig. 3 was drawn, the chromatin, 
except the small bit seen in one of 
the upper cells, was in a large cell 
on the side of the egg opposite that 
from which the drawing was made.) 

In the second of the above-de- Fig. 4. •* Two cell" stage. The 
scribed cases, cleavage involves both ""^^^*^' "^^^" '' ^^*"^^^** ^*^™^^ 

the cytoplasm. Preserved material. 

nucleus and cytoplasm. In Fig. 4 

several asters are plainly to be seen in each cell, which leads to 
the suggestion that possibly it is upon the presence or absence 
of these that the differences in nuclear activity are dependent. 
Division of these eggs is apparently complete. In the two-cell 
stage the greatest possible variations in size between the two cells 
appear, the division being sometimes nearly equal, as in Fig. 4 
and again very unequal. I have no reason to believe that this 
division is karyokinetic. It seems rather as if one of the cells is 
to be regarded as a lobe of protoplasm which contains some of 
the nuclear material, and may later become completely divided 
by a membrane from the other cell. Instead of two cells, a 
trefoil stage may appear. 

What I interpret as later developments of the stage just de- 
scribed are shown in Figs. 6 and 7. These divisions are appar- 
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ently karyokinetic, but in none of them is there the sh'ghtest re- 
semblance to the normal cleavage pattern. 

Fig. 8 is of especial interest. In about twelve hours after 
transfer from the salt solution to sea water, there will be found 



\'-:C'\ 




V - 



- ^ 






\ 



/ 






r . 



/ 
/ » 

1 



5 " 7 

Fi«;. 5. Trefoil stage. l*rcrscrvtf<l material. 
Fun. 6 and 7. I.atcr ticvelopmcnt of staijo shown in Fig. 4. Preserved inatenal. 

numbers of swimming embryos, looking much like the half em- 
bryo formed by destroying one blastomcre of the two-cell stage. 
It is apparently formed from an embryo like that of Fig. 4 by a 
development of one cell, while the other rcmiiins undivided. 
Since it seems probable that the latter is to be regarded as a cell 
with an "e.xtra ovate" attached, rather than a true two-celled 
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hit. K. F.nibr\(» prtwluccd by dc\cl«>|>nu-nt of half <>f eniliryo fthnwn in Fi^. 4. 
I*rc'<r\'-d niatrru). 

Fi«. «). Fmbr\o hke that of Fig. S. I.ivmjj material. 

Stage, wc might .*iay that here cither the extra ovate or its fellow 
devtIojKrd. while the <»ther part remained undivided. These di- 
vided portions put out cilia, and swim at>out in the water, carry- 
ing the undivided portion with them. I.ater, they break away 
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from the undivided portion and swim independently, forming 
"dwarf embryos." So far as I can discover, their cleavage has 
no resemblance to the normal. Their abnormal character is also 
indicated by their nuclei, which have a very characteristic ap- 
pearance, resembling closely those of abnormal eggs which oc- 
casionally appear among a normally fertilized lot. The nuclei 
are much larger and stain much more intensely than the normal 
ones. Fig. 9 is from a living egg of this sort, and shows the 
arrangement of the cilia. 

Besides these ciliated embryos are others, showing no indica- 
tion of cleavage, but with well-developed cilia. Fig. 10 shows 





10 II 

Fig. 10. Ciliated, unsegmented embryo. Living material. 

Fig. II. Unsegmented embryo formed by fusion. Living material. 

one of these where the whole embryo is very much distorted, 
but with a well-marked tuft of cilia. Staining with aceto-car- 
mine after the above drawing was made, gave no indication of 
cleavage in this embryo. 

Fig. 1 1 shows a case of fusion of at least two eggs. This was 
from an embryo slowly rotating around the end -^ as a pivot. I 
was unable, however, to discover the distribution of the cilia 
causing this movement. 

Fig. 1 2 shows a still more interesting condition. Here, also, 
there is apparently a fusion of at least two cells, but there is no 
trace of cleavage. At n is possibly a nucleus. Around one 
portion of the fused mass is a ring of cilia, occupying very much 
the position, with respect to the cell, of the prototroch in its re- 
lation to the trochophore. Not only are the cilia present, but 
around the embryo, underneath the ciliated band, is an area free 
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I h;. 12. L'nscRmcntccI eml>n*o 
furmeil by fasion with well differen- 
tiated band of cilia. Living; material. 



from the ordinary pigment of the rest of the cell, but containing 
granules of a faint yellow color, agreeing in this respect exactly 
with the prototroch band of the normal trochopore. In this 
embryo there is, then, not merely a differentiation — without cleav- 

age^-of cilia, but of the charac- 
teristic protoplasm accompanying 
these cilia— or, in other worda, 
we have here, in the unsegmented 
embryo, not merely a differentia- 
tion of cilia, but a differentiation 
of prototroch cilia, I^ter, fused 
ma.sses like those just described 
arc apt to break down, setting 
free the ciliated fragments, and 
by the twentieth hour the culture 
will be swarming with ciliated fragments derived from this source 
and from the breaking away of the *' dwarf" described above. 
These, of course, have not even a superficial resemblance to nor- 
mal embryos. 

I'^usion phenomena are rare in Podarke as compared with 

ChiCtoptcrus, the largest fused masses I have found containing 

not more than six eggs. 

Sl'mm.arv. 

1. After treatment with 2]\ nKCl solution, eggs of Podarke 
obscura exhibit various cleavages and j)seudo-cleavages. 

2. The pseudt)-cleavages involve only the cytoplasm and not 
the nucleus, and have no resemblance to the normal cleavages. 

3. The cleava^je involves both nucleus anil cytoplasm, and 
may give rise to a ciliated embryo. The cleavage in this case, 
however, iloes not resemble the normal. 

4. Ciliated em!)ryos may ari.se without cleavage. The differ- 
entiation may !x! carried very far in sue!) cases. This is es|K- 
cially noticeal>le in the character of arrangement c»f cilia. 

5. Fusion of embryt)s may occur. l>ut in the solution men- 
tioned, much fewer cells unite than in, r. i^., Cluctoptcrus. 

.M\fclM. l'l>>I 'H.!' \l I.\i<>K M<iK\. 

W«>«n.> II. '11, M\^N., Srpt. 5. ni<)2 



HABIT-FORMATION IN THE GREEN CRAB, 
CARCINUS GRANULATUS. 

ROBERT YERKES, 
Marine Biological Laboratory, Woods Holl, Mass. 

In his excellent paper * on the structure of the nervous system 
of Carcinus mcenas Albrecht Bethe describes certain experiments 
the results of which he believes to justify the conclusion that the 
green crab does not profit by experience, and therefore does not 
possess ** psychischen Qualitaten/' 

The following are two of the experiments by which Bethe 
tested the ability of Carcinus to learn. A crab was placed in an 
aquarium which contained an Eledone in the darkest corner. 
Immediately the crab scurried off into the dark region and was 
seized by the Eledone and drawn under its mantle. The experi- 
menter then interfered by quickly freeing the crab from its enemy 
and returning it to the opposite end of the basin. Again the 
crab hurried into the shaded region, was seized, freed and re- 
turned to the light. This experiment Bethe says he repeated 
with one individual five times and with another six times without 
obtaining any evidence that the crabs were learning to avoid the 
danger. In another test crabs in a basin were baited with meat, 
and each time they tried to get the food they were seized and 
maltreated by the experimenter. Thus an attempt was made to 
teach them that meat, under certain conditions, meant danger. 
3ut in this test also several repetitions of the experiment failed to 
teach the crabs to avoid the danger. 

Bethe's tests are unsatisfactory because in each he attempts to 
inhibit an instinctive action. In the first test the animal natur- 
ally sought to hide in the dark ; and it would be absurd to ex- 
pect to modify this instinct by giving the animal five, six or even 
twenty-five experiences of the disagreeable consequences of going 
into the neighborhood of the Eledone, And in the second test 
the reflex food -seeking reaction to a particular kind of chemical 

^ Bethe, Albrecht : Das Centralnerven- system von Carcinus manas. II. Theil., 
Arch. f. Microscop. Anat., Bd. 51, 1898, S. 447. 
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Stimulation stood in the way of the establishment of new modes 
of response. 

Bethe should not have expected a few experiences to modify 
or inhibit such fundamentally important reactions as those to 
light and to food. Almost any reaction can be modified if time 
enough be devoted to that end, but it is as unlikely that a crab 
would learn to avoid the dark or to inhibit its food -taking reac- 
tion after a half dozen harmful experiences in a certain situation 
as it is that the grasshopper would learn to inhibit its jumping 
by a few experiences in a glass box. For the modification of 
such relictions hundreds, not tens, of experiences are necessary. 

In view of the obvious unfairness of Bethe's tests of Carcinus 
I have made a further study of the ability of the American spe- 
cies of Carcinus, C. f^ranulatHs, which is similar to the Euro- 
pean form, C. mccnas. My effort has been to determine whether 






— 1 
I 
I 

'' I 
I 
I 



Moor Plan of Kxjicrimcnl IJox. Scale one cijjhlh. 

the animals can leani (i) a simple labyrinth path to their food, 
and (2) to avoid the unpleasant experience of being captured in 
a hand-net and taken from the aquarium. 

The crabs were kept in an acjuarium about 6o cm. long, 38 
cm. wide and 35 cm. deep, over which an experimenting box 40 
cm. X 20 X 12 was placed so that its exit jxissage just touched 
the surface of the water. The accom|>iinying cut which is the 
floor plan of the box, shows, in addition to the entrance passage 
/:. in which the crab was placed by tfie operator at the beginning 
of each experiment, two alleys which were closed by glass plates 
6", C ICx|)eriments were made to discover whether the green crab 
would learn to avoid these blind alleys in its efforts to get back 
to the water of the aquarium, and if so how (]uickly it would 
learn. 
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The only motive relied upon for the return of the crab to the 
aquarium from the experimenting box was its desire to get into 
the water. 

For two weeks several crabs were given on an average four 
trials per day in the labryrinth. At the beginning of the work 
they frequently wandered in the entrance passage and blind al- 
leys several minutes before they succeeded in escaping, but after 
twenty or thirty trials most of them were able to escape directly. 
I was unable to get any satisfactory quantitative expression of 
the rapidity of learning because of the great variation in strength 
of the animal's desire to get back to the water ; at one time it 
would move about constantly until it found the exit, at an- 
other it would rest quietly in the passages for long periods. In 
the case of an animal which, for a month, was given two trials 
per day in the labyrinth, the escape at first took about five min- 
utes, and at the end of the period about ten seconds. 

At first the crabs when placed in the box and poked with a 
stick scurried off into a corner and took a defensive position, 
whereas, after a few escapes from the box, they made directly 
for the exit as soon as they were threatened with a stick. 

Even fifty experiences, in case of most of the individuals 
studied, did not result in the formation of a perfect habit. 

Further tests of the ability of the green crab to learn were 
made by placing a wire-screen partition in the middle of the 
aquarium and allowing the animals to find their way through an 
opening in the screen to food on the opposite side. Since the 
crabs tend to follow the edge of such a screen, the opening, lo 
cm. X 10, was made in the middle of the screen. It was there- 
fore about 12 cm. distant from the sides, top and bottom of the 
aquarium. 

In this test each crab was given a single experience per day. 
To provide the animals with a motive for seeking to pass beyond 
the screen, at the beginning of each trial a piege of fish meat was 
placed in the corner of the aquarium diagonally opposite to that 
from which the crab started. The meat having been placed, a 
crab was put into the aquarium, and a record was kept of its 
wanderings in search of the food, and of the time occupied in 
finding it. 
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The following are the results of ten trials with two animals. 
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Crab number i almost invariably moved directly toward the 
meat and searched f»ir an ojKning in the screen along the side of 
the acjuarium nearest the meat, thence it would move to the 
miildie of the screen and find the ojKMiing. Number 2 just as 
unif»»rmly followed the ed^e of the screen, climbing up one side, 
alonij the top, down the other side, and across the bottom cease- 
lessly until it chanced lo get near the »>pening. 

The paths for the first trials were C(»mplex and devious, but 
in the later trials they were almost direct lines to the meat. 

'I'here was little evidence of the use of vision in the finding of 
the o|)ening in the screen. The animals seemeil to l>e directed 
chiefly by the stimulus from the food. 

Adilitional evidence of the ability of Cttnif/tis to profit by ex- 
jHrrience is furnished by the following observation. It was the 
habit of the e.\|K*rimenter to catch the animals in a hand-net, take 
them from the water and use tluin for various experimental pur- 
po>e>. At first the crabs did not react c»lherwise to the approach 
of the exjKTimenler with the net than to «>ther large objects, 
but after a few days it became much more diflicult to capture 
them fi)r thev had learned t<» a\oid the net. 







^Wi 


BIOLOGICAL BULLETIN 




HDarfne £tolo0tcal Xaborator? 






WtX'DS tIDLL, MASS 






Vol. in November, 1902 Nm. 6 ' 


a 


CONTENTS 1,,.,. 




Hblen Dkan King. The FulUele Saa of Ihe Amphibian Ovary 145 } 


1^1 




Wm. E. Rittkr. Tht Movements of the EnUrofiiuusta, ami thr \ 
Mechanism hy -whith they are Aeaimplished. 155 


^ 




Charles Russell Embryonic and Regenerativt DeJthpment in Pfa- 


J 


R. M. STHONr,, A Gtse of Abnormal Plumage. . 




Jaojues Loeh. Maturation, Natural Death and thr Prchnga- 1 
Hon pf the Life of UHfertilhed Starfish £ggt 
(Asieriai ForliesH') and their Sipafieanee 
hrthr Theery 1^ PerHUiaHon 195 


1 




PiiHr.(iiif.i) Monthlv hv Tn« 


^1 




MARINE BIOLOCnCAL LABORATORY 


^1 




THK NEW ERA I'RlNTINn COMCANV 
lANCASl-ER. PA. 


H 




Acnrr riw Ghkat Britain AckMi^ Aik Uk«HASv Aocm ta%. Framci: 
EUWARD ARNOLD R. FBIEDUNDRR * SOIIN IVLES PEELUAN 
J7 SfiifsrJ Strtrt, SfranJ Beriim, .V. »'. i Rtu AnMmrDuttii 
t,an.ttm. II'. C. Ci^Wmj.^.m /Uri; Fr^H^f 


9 




Single Number*. 75 Cant*. P«r Velum* -6 nwmbars), S3.00 


■ 






^^^^^^ nD.i«A«ioi(y'or™orJuirW,i»t, ^^ 


1 




BIOLOGICAL BULLETIN 



nDarinc Biological Xa&oralor? 



WOODS HOIX. MASS, 



November. 1902 



C(iM rsrs p 

The Fellide Sats of th( Ampkihian (hmry j 

7T>€ Miti'ements pj fhi Ruieropnetttta, aitii the 
Mechanism by luhUk they art AtiotnplUhtd. a 

Bmbryimie ami Regenerative Dtvehpmetil in Pla- 
nariaru 3 

A Case of Abtii'rmal Phimage. a 

AftUuratii/n, Natural Death snJ the Pr»hnga- 
tion vj Ike Life ef UnfertiHteil Starfish Egg* 
(Atterias Ffr/>etN\ and their Signij!eanee 



MAKINE BIOLOGICAL LABORATORY 

miKmi Ann tHJum uv 

THE NEW ERA PKINTINC COHPANV 

LAXCASTER. PA. 

r roa Gkeat Bkitatn Amcntx vn*. iIkmmaxt AiitLvn pob I'tMw-r 

SJWARD AKNOLD R. FRIEDtXNDEK ft SOUS JL'LES TEELMAN 

^ BHlfnrJ Sirfi. StrriKJ Btrlin. X. H', j Rm AitiftHtOntoii 

LoHdr-n. W C. Caiitttaur.ri Patii, t'ratitt 

Singta Numbara, 75 Cadis- P*r V«<um« iS nudibcra), S3.00 



£i>ttona[ Stan. 

E. G. CosKMM — TTtr Viuverrily 0/ PtHHtyh-ania. 
Jacqdcb Locb— Tlte Umtftrsity of Oiicago. 
T. H. MOBOAW — Bryn Maw Umverstlj. 
W. M. WiiWLt*— ya.- Umrtnityof Texas. 
C. O. Whitkan— 7X* University tf Chifag9. 
E.B. WtL«QH — Cohimlia Umtfersify. 

/Dana0ln<i Cbttoc. 

FlANK H, LiLi4K — The University s^ Cm f age. 



All oommunicatiotu uid manuKripls sbould be sent to the 1 
Ediror, ihe L'nivcraity of Chksgo, Sci)l. tjih (o June 15th. or Wood'r4 
Holl, Mus., June 15th 10 Sept. 13th. Sutcicription* ami other oiaitct,'| 
tfaoutd be atldmacd to the BiolugioU Biilktin, 41 NorH- 
LmcMter, Y%., or The Uoiveaity of Oilc^i^, Chicajjio, ti: 



The November number of tbe Biological Bulletin completes the tbinj 
volume of the Krla, or ibr finl under the new orgini/Atiot). Ilw D 
uf lulHtribcn hu inccuM] froai 70 to nearly loo. to atldition lo thiit 
C0|iirt t«kcn lif dcaten abroad (in Kuropc). Six niimlvn havr lieen a 
B K>«D month*, none being iHueJ in licplember onlni; 10 lack of n 
n received have been published u a rule in from fonr lo eight •eekt ai 
ripL The editon haw thus redeemed the promiM; nude in Itirir ■ 
nceincni. 

The founh volume will he lUancd in Pcceinber. aod wilt be wnt lo a! 
|>tcKot tttbacribcn. iinlm word to the contrary n mirived. An eflbrt i 
tM>w brin^ nude 10 extend tbe ctrculaticMt abro«d. All contributon a 
wibtciiben to tl>e IhiUetm arc aigrd to we their influence to ultnd tlvcllfl 
cubtion Id thu rauntry, 

FmaNK H. tJLUE, 
Mnnaiittt R4ik>^. 



Vol, III, Noveviber, igo2. No, 6. 



BIOLOGICAL BULLETIN. 



THE FOLLICLE SACS OF THE AMPHIBIAN OVARY. 

HELEN DEAN KING. 

In 1738, Swammerdam (6) stated that just after the eggs of 
the frog have been laid, one can find on the inner wall of the 
ovary, "some empty and very delicate membranes which had 
served to invest the eggs that had been already discharged from 
the ovary. . . . These particles were most beautifully interwoven 
with blood vessels to which they were fixed as to so many 
stalks.*' Swammerdam does not give the origin of these mem- 
branes nor does he state how the eggs pass from the ovary into 
the body cavity. 

Over one hundred years later, Thompson (7) wrote that the 
ovarian egg of the frog and toad " is surrounded by a thin vas- 
cular sac formed by the dilation of the ovisacs which hang into 
the general ovarian cavity. This capsule or ovisac is attached to 
the rest of the ovarian substance by a broad band rather than by 
a narrow pedicle ; and when the yolk or ovarian ovum is mature, 
it escapes from the ovisac by the formation of an aperture in the 
remote or free side of this capsule, somewhat in the same man- 
ner as occurs in the calyces of the bird, but with a wider aperture. 
Through the apertures of the general ovarian capsule the numer- 
ous ova pass into the abdominal cavity." In thus stating that 
the ovarian eggs first fall into the general cavity of the ovary and 
later pass into the body cavity through openings in the ovarian 
wall, Thompson is in agreement with earlier writers, Rathke (4) 
and Lereboullet (3). More recently this view has been opposed 
by Brandt (i) who examined the outer surface of the ovary of 
Rana temporaria as the t^g^s were about to pass into the body 
cavity and found a round hole above each egg through which a 
larger or smaller part of the egg protruded. This discovery led 
him to state : '* Es ist mithin klar, dass fiir jedes sich losende Ei 
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eine besonderc Austrittsoffnung in die Peritonealhohle hergestellt 
wird." 

According to Brandt, the ovarian egg of Rana is surrounded 
by membranes whose origin he describes as follows : ** Die 
FoUikel des Ovariums diirften dadurch entstehen, dass die einzel- 
nen sich vcrgrossernden Eianlagen von den benachbarten, sich 
proliferircnden und abplattenden Elementen, sowie von den 
Bindcgcwcbsclcmcntcn der Ovariahvandung umwachsen werden.'* 
These membranes are said to form the follicle sacs that are found 
on the inner wall of the ovary after the eggs have passed into the 
body cavity, but no mention is m<idc of their later history'. Dur- 
ing his investigations, Brandt carefully injected colored fluids 
into the ovary just after the eggs had been laid and found that 
none of the fluid ever came through the walls of the follicle sacs. 
He was thus able to show conclusively that there is no commu- 
nication between the cavity of the ovary and the body cavity 
through the walls of the follicle sacs. The latter have but the 
one opening which leads outward into the body cavity. 

The investigations recorded in the present paper were made to 
supplement the work of Brandt and others with a more detailed 
description of the origin and fate of the follicle sacs of the am- 
phibian ovary. Observations were made on three difierent 
amphibians. Ihtfo Untii^itiosus, Rana paiustns and /lyla. The 
general description ami the drawings (made with a camera 
lucida) are taken entirely from />///<; /« 7///i;-///<o7/.v as I had a much 
more complete scries of this .s|)ccies. As the relatively few 
stages ni Rattti and //rA/ at my command confirmed the results 
obtained on Ihifo in every rcsjx-ct, a separate description of the 
follicle sacs in these two amphibians seemed unnecess;ir>' and is, 
therefore, omitted. In preparing the ni.iterial for study, small 
portions of the ovary were fixed in corrosive-acetic, and then 
stained on the slide either with iron-h.emalo.xylin, or with a mix- 
ture of I.yoii's bhie aiul borax carmine, as ilescribed in a previous 
pa|Kr (Kin^'. 2). 

riie ovarv of />///<* It fttti^^tnt'suy consists of sever.il distinct com- 
|Mrtments, agreeing in this respect with the ovary of various 
sjK'cies of fro^s. according to the observations of Kathke. Lere- 
b«)ullel, Brandt and Scliultze ( 5). The walls of these com|>art- 
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ments are made up of two membranes which, as a rule, are 
separated some distance, although occasionally they lie so close 
together that they appear to be completely united. The outer 
membrane is single, compact, and of nearly uniform thickness 
throughout the entire ovary. The inner membrane, on the con- 
trary, appears in some places to be very similar in structure to the 
outer one ; in other parts of the ovary it is found to be composed 
of two thin layers which always lie close together and are con- 
nected at frequent intervals. Cells with very large nuclei are 
closely applied to the outer and inner surfaces of these mem- ' 
branes and are also present in the spaces between them. (Figs. 
3-6, O. H<) 

The eggs develop between the two membranes composing the 
wall of the ovary. As they increase in size, they press against 
the inner membrane of the ovarian wall and cause it to project 
more and more into the cavity of the ovary. Part of the ovarian 




FlO. I. A portion of an ovarian egg showing th« manner of lis attachmenl lo the 
wall of (he ovary. Z. P. Zona pellucida; O. \V-, outer wall of the ovaiy. Zeiss. 
obj. A. Oc, 4. 

wall comes, therefore, to form a sac that incloses the egg and 
supplies it with nourishment as long as it remains in the ovary. 
When the egg is still quite small, there is formed, close to its 
outer surface, a true egg-membrane, the "zona pellucida" or 
"chorion," which is thick and seemingly homogeneous in struc- 
ture (Fig. 2, Z. P.). This membrane which is formed, probably, 
by the numerous follicle cells that are scattered all over the sur- 
face of the egg, surrounds the egg during its growth and matura- 
tion periods and is invariably found around all eggs taken from 
the body cavity. Numerous cells and occasionally blood cor- 
puscles (Fig. 2, C.) are found between and under the two layers 
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of membrane which form the outer covering of the egg. These 
cells, which are usually oblong in shape, contiin » small amount 
of faintly staining, granular protoplasm, and a very large, rounded 
nucleus with one nucleolus. The chromatin is cither collected in 
masses along the nuclear wall, or it is in the form of a more or 
less regular network scittered throughout the nucleus. 

Ordinarily, when the c^ of Bufo lenligittt'SHs is ready to leave 
the ovary, it has a diameter of about i , 5 mm and from 0,60-0.70 
mm. of its surface is in contact with the outer membrane of the 
ovarian wall (Fig.|i), In the great majority of cases, the egg 
is attached at the equatorial region as in Fig. t ; but it is not un- 
common to find among the eggs thus attached, one with its 
black or its white pole ,ig.iinst llic outer membrane. 




z P 



I-IC. 1 fan of wi inaHui tu bJBhljr nugoifinl, ilio^inc ih* mirvciBic nf Uw 
in«RiU*nci tBiniuiHllng ibe tgic. C, blood mjiuicle i V, folk ; Z. I'., Ami iwIId* 
ddk. 'Ira* apoc l mm. < K. S. 

By what means the ovarian wall is ruptured and the eggs set 
free into the body cavity is not known. This process cannot be 
connected with the breaking down of the germinal vesicle, because 
the nucleus de(>eneratcs and the lirsl polar spindle is formed some 
time before the ^g leaves the ovar>-, as I have shown in a pre- 
vious paper (a) ; iKither can it be due to the way in which the 
eggs arc attached to the ovarian wall, for, a.4 I have stated above, 
the mode of attachment \-arics uilh individual eggs. Apparently 
ihc eggs must reach a definite stage of develo{>ment before they 
break away from the wall of the ovary, because, although 1 have 
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sectioned a large number of eggs taken from the body cavity, 
I have never found a single one in which the polar spindle was 
not fully formed with the chromosomes arranged along the 
spindle fibers, Brandt suggests that there may be an active con- 




tbe body 



traction of the follicle sac when the egg is ready to leave the 
ovary, and that this contraction stretches the base of the follicle 
and causes a rupture. How such a contraction takes place with- 
out the presence of muscles in the walls of the follicle sac is not 
at all clear. It seems to me that the rupture of the ovarian wall 
is more likely to be due to some activity on the part of the egg 
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itself. Possibly there is a. slight increase in the size of the egg 
at this time which produces sufficient pressure on the surround- 
ing membranes to cause a break at the weakest point This 
would seem to be where the egg is attached, because here there 
are only two membranes over the egg instead of three (Kig. l). 
This suggestion, however, fails to account for the rare cases 
where the egg breaks through its membranes and falls into the 
cavity of the ovary. Such eggs never leave the ovary ; sooner 
or later they undei^o degenerative processes and arc gradually 
absorbed, as arc also the few eggs that do not leave the mem- 
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br^nci at all but remain attached to the ovarian wall. In the 
latter case the eggs arc almost invariably .smaller than those taken 
from the body cavity, and. thcrFforc, retarded development may 
explain their failure to undergo normal procoses. 

On spreading otit a piece of the collapsed ovary after the eggi 
have passed into the body cavity, one can plainly see the numer- 
ous follicle sacs without the aid of a microscope. These sacs 
vary in length from a 36 mm. to a 54 mm., and tlidr wolU are 
very much wrinkled and folded. Although from 0.60 to a/o of 
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the mature ovarian egg is in contact with the outer membrane of 
the wall of the ovary, I have never found the opening of an empty 
follicle sac to be more than 0.38 mm., the average being 0.20 
mm. This shows that the edges of the opening tend to close 
in as soon as the egg has passed out of the ovary. 

On examining a longitudinal section of an empty follicle sac 
(Fig. 3), one finds that the two layers of which its walls are 
composed are united at frequent intervals, and that, on the wall 
and in the spaces between the layers, there are numerous cells. 




%M 









L%, 



^ 



'W 



m^ 



m 



changes have 



Fic. S- A [lorlioii of [be wiill nf .i inlli, \i ~.n mwi iIi 
b^UD. Zeiss, apoc. 2 mm. Oc, S, 

Sections of the small blood vessels which supplied the eggs with 
nourishmentare also found occasionally (Fig. 3, C). The cavity 
of the follicle sac is lined with cells, several layers deep in places, 
particularly at the closed end of the sac. These cells are doubt- 
less the ones that lay between the zona pellucida and the outer 
covering of the egg at an earlier period, and their confinement in 
a much smaller space must explain why they appear so numer- 
ous, as I have never found any evidence of cell division at this 
time. 

A part of the wall of a follicle sac more highly magnified is 
shown in Fig. 4. The cells lining the cavity of the sac are seen 
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to be very closely packed together, and there is rarely an inter- 
cellular space to be found. These cells have the same characteris- 
tics as those shown in Fig. 2 ; namely, a very large nucleus con- 
taining one nucleolus, a small amount of granular protoplasm, 
and chromatin partly in the form of a network, and partly in 
masses scattered along the wall of the nucleus. 

On examining the ovary of a toad killed about three weeks 
after the eggs had been laid, one finds that the openings of the 
follicle sacs into the body cavity have closed, and that the outer 
membrane of the ovarian wall is again continuous. Each fol- 
licle sac appears at this time as a blind pouch projecting from the 
inner side of the ovary. The cells lining the cavity of the sac are 
beginning to show the degenerative changes that are very marked 
in the ovaries of toads killed the latter part of May. The most 
noticeable changes are those which are taking place in the nu- 
cleus (Fig. 5). Although at this time the nucleus is still round or 
oval, its outline is somewhat more irregular than it was at an 
earlier period, and most of its chromatin is collected in from one 
to four rounded masses that stain black with iron-ha:matoxylin 
and a deep red with the borax carmine and Lyon's blue mixture 
used. The protoplasm of the cells appears very granular, and 
it stains so feebly that it is often very difficult to determine the 
cell outlines. Such changes, as a rule, are first apparent in the 
innermost cells that soon break away from the rest and become 
scattered throughout the cavity of the follicle sac. These free 
cells never show any pscudopodia ; on the contrar>', they are 
more rounded than arc the cells still attached to the walls of the 
follicle sac, and it is therefore impossible to determine whether 
they have the power of indej>endcnt movement or not. 

Although I have examined the ovaries of many toads killed 
during the month of June, I have not been able to determine 
whether the cells lining the follicle sacs arc dcstroyeil by the 
leucocytes, as are the cg^s that fail to leave the ovar>', or whether 
they disintegrate and are absorbed by the cells of the ovarian 
wall. In all the toads killed at this time, either the cells within 
the follicle sacs were umlcrgoing ilcgencrative changes similar to 
those shown in Fig. 5. or else the cavity of the follicle sac was 
nearly obliterated and no traces of the cells could be found. It 
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is evident that the final stages in the disappearance of these cells 
take place very quickly and that a large amount of material 
would be necessary in order to trace their entire history. A 
longitudinal section of one of the folHcie sacs found in the ovary 
of a toad killed on the fifth of June is represented in Fig. 6. The 
sac measures 0.13 mm. in length and is, therefore, about one 
third its original length. The walls of the sac are thinner and 




Fig. 6. A longitudinal scclion of n degeneraling follicle sue laken from the ovary 
of ■ toad killed on the fifth of Judc. Zeiss apoc. i mm. Oc. 4. 

much less folded than they were at an earlier period, and its 
cavity has nearly disappeared. Numerous cells are found closely 
apphed to the walls of the sac at this time, but they show no de- 
generative changes, and are undoubtedly concerned in the ab- 
sorption of the follicle sac itself. Much smaller structures of 
the same general character as that shown in Fig. 6 can be seen 
in the ovaries of toads killed the latter part of June ; but after 
this time no traces of them can be found. 

The follicle sacs, having served the important function of at- 
taching the eggs to the walls of the ovary and of supplying 
Lthem with nourishment during their growth period, are of 
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no further use after the eggs pass into the body cavity. 
They therefore undergo rapid degeneration and absorption to 
make room for the young eggs that are in the process of devel- 
opment. 
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THE MOVEMENTS OF THE ENTEROPNEUSTA 
AND THE MECHANISM BY WHICH THEY 

ARE ACCOMPLISHED. 

WM. E. RITTER. 

The observations upon which the present paper is based were 
made, so far as they pertain to the living animal, upon two 
species of the group found on the Coast of California and Wash- 
ington. These are Balanoglossus occidentalis Ritter (MS.) and 
Delichoglossus pusillus Ritter (MS.). The first mentioned is 
abundant at Puget Sound, and is found, though in small num- 
bers, at San Pedro, California. The second is widely distributed 
along the Coast of California and is exceedingly abundant at San 
Pedro, where it lives side by side with the first. 

My study of the movements have been made mostly on D, 
pusillus. This small species is so abundant in limited areas at 
San Pedro that a single shovelful of the sand in which it lives 
may contain several dozen. Its place of greatest abundance is a 
large sand flat, exposed at low tide, just inside the mouth of the 
inner harbor at Timm*s Point. The sand in which the animals 
live is compact and homogeneous and contains much fine argil- 
laceous material, the whole being blackened by decaying organic 
matter. In some places the creature is found among the roots 
of scattered patches of eel grass. Altliough the species is closely 

• 

related to D, Kowalevskii of the Atlantic Coast of the United 
States, it is considerably smaller. It never produces the coiled 
castings so characteristic of its eastern relative. In fact, I have 
failed to discover any marking on the surface of the sand that 
can be relied upon to reveal the presence of the creature. The 
absence of the casts which are such a convenience to the collector 
is, however, compensated by the animal's habit of the protrusion of 
the proboscis from the ground. At low tide large numbers of the 
orange-colored proboscises may be seen with the tips only, or 
sometimes with nearly the entire organ, lying flaccid on the sand. 
A slight jarring of the ground causes a prompt withdrawal of the 
exposed part. Professor B. M. Davis, of the Los Angeles State 
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Normal School, first called my attention to the fact that the protru- 
sion of the proboscis occurs only while the sand is uncovered dur- 
ing low tide ; that withdrawal takes place almost immediately upon 
the incoming of the tide. My own observations confirm this. I 
have several times searched the ground in which the animals arc 
abundant, when it was covered by a few inches only of still, 
clear water, and have never under such conditions seen a single 
extruded proboscis. The meaning of this habit is not clear. 

Movements of both boring and locomotion are effected in the 
enteropneust through a combination of ciliary and muscular ac- 
tion. When crawling about on the surface of objects, which it 
does with considerable facility, the ciliary method is chiefly, 
though by no means exclusively, depended upon. When boring, 
or moving up and down its canal, muscular action is on the other 
hand most used. 

The best way to observe the movements is to allow the ani- 
mals to bury themselves in sand contained in a glass vessel. 
Under such circumstances they are certain to move along the 
inner surface of the glass if the vessel be small (a test-tube or 
homeopathic vial, for example, I have found favorable), for a 
portion of the time, and the whole operation may then be easily 
watched. 

By far the most vigorous activity in any portion of the animal, 
both ciliary and muscular, goes on in the proboscis. The ciliary 
action is seen to best advantage when the animal is moving 
about on a sandy surface on which there are small elevations with 
which the tip of the proboscis comes in contact now and then ; 
for the creature docs not readily bring its proboscis tip into 
contact with a perfectly even surface on v/hich it may rest. As 
the end of the proboscis touches the slope of a sand hillock, a 
perfect flood of sand grains is at once started which soon wholly 
encircles the organ and passes rapidly back to the collar. Ar- 
rived here the rapidity of the flow is greatly lessened so that if 
the picking up of grains at the tip be prevented a girdle of sand 
is soon formed around the collar. 

If, on the other hand, the accjuisition of grains be not inter- 
rupted the whole proboscis and collar become coated by a con- 
tinuous sheath of sand which gradually extends backward until 
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the whole animal is covered, the sheath being scarcely more than 
one or two grains in thickness. The backward movement of the 
sand on the collar and body is effected chiefly by the pushing 
force of the ciliary action of the proboscis, though a weak ciliary 
action on the collar and thorax also contributes to the result, as 
does likewise muscular contractions of the proboscis. The pro- 
lific secretion of mucus particularly by the proboscis and collar 
serves to agglutinate the sand grains, to produce the sheath 
above mentioned. This sheath forms a well-defined tube when 
produced under the conditions here described so firm as to sup- 
port itself in pieces of considerable size when pulled off and held 
up in the water. 

Simultaneously with the ciliary action the animal is undergoing 
almost constant contortions through muscular action ; but the 
true nature and significance of the motions of this kind are not 
seen until the creature is observed in the processes of burrowing. 
Here the meaning of a characteristic movement of the proboscis 
which is constantly noticed when the animal is not buried is 
readily seen. I refer to the contraction waves that move along 
the organ from tip to base, but which often remain stationary in 
the form of great blebs. 

When in its burrow these blebs act chiefly as hold-fasts by which, 
through the contraction of the longitudinal muscles of the proboscis 
and collar^ the whole body is drawn forward. The muscles most 
concerned in this are first those of the proboscis ; second, the 
radio-longitudinal muscles of the collar; and third, the longitu- 
dinal muscles of the thorax-abdomen. 

The proboscis tip is driven forward in making a new burrow 
partly by the action of the cilia, and partly by the contraction of 
the layer of circular muscle fibers, the former apparently playing 
the more important part. 

The wave motion so characteristic of the proboscis does not 
appear on the collar, thorax, or abdomen, so that it plays no part 
in the advancement of these portions of the body. The collar 
shortens and elongates without great change in diameter, though 
the anterior rim is sometimes narrowed down considerably, the 
possible change in length of the part being nearly or quite one half 
its entire length in the fully extended state. The shortening is un- 
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doubtedly effected almost wholly by the contraction of the radio- 
longitudinal muscles. The extension is probably accomplished, 
as Spengcl believes, by the inflation of the collar coelom with 
water through the collar funnels. 

Observation on the movements of the animal furnishes little 
satisfaction to one's quest after a reason for the existence of the 
peduncle that joins the proboscis and collar. At the same time, 
however, such observation does emphasize the importance of the 
slender isthmus's being both strongly constructed in itself and 
also firmly anchored at the ends to the larger parts of the body 
into which they are inserted. As the animal draws its long body 
about by its proboscis, it frequently looks as though the slender 
peduncle would be pulled out by the roots, particularly at its 
collar end. One naturally conjectures that the existence of the 
peduncle is to increase mobility at this particular place, and 
this perhaps is its significance, though it is not clear that the 
peduncle is in reality more flexible than the proboscis, especially 
when the latter is perfectly flaccid, for I have seen this part when 
the animal was in its canal double back upon itself so as to bring 
the two limbs into contact throughout their length, the tip of 
the organ being carried back to its base. The collar and 
thoracic portions of the body, however, are always, and the 
proboscis when muscular contractions arc in progress, relatively 
rigid ; and it is probably under these conditions that the mobil- 
ity assured by the peduncle, finds its importance. 

Having now the facts before us relative to the movements of 
the animal, we may consider the anatomical structures upon 
which these dc[K'nd. 

The proboscis possesses a typical dcrmo-muscular tube and its 
movements are essentially of the wave form usual to this type of 
musculature. The close resemblance between the movements 
of the enteropneust proboscis and those of the nemertean may be 
especially mentioned. 

The thorax-abdomen, also, may be regarded as possessing the 
dcrmo-mu.scular tulx.*, thou;^h here circular mu.scles are either 
altogether wanting or are very im|Krrfectly develo|x.'d, so that the 
wave movement (.Uycs not here take place. Furthermore the 
longitudinal muscles are much stronger in the ventral than in the 
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dorsal half of the body in these regions. Ventral curvature as 
well as fore-and-aft shortening is consequently a general result 
of the contraction of these muscles. 

The chief interest in the myology of the animal centers in the 
collar and peduncle. Here we have no dermo-muscular tube, 
but, on the contrary, a musculature of a fundamentally different 
type. The muscles, both longitudinal and circular, of the dermo- 
muscular tube are always, it will be recalled, strictly somatic, 
f. r., they belong to the body wall. The chief mass of muscles 
of the collar and peduncle, viz., the radio-longitudinal muscles, 
while attached to the body wall at one end, at the other are on 
the other hand attached to the notochord and nuchal skeleton 
mainly, but partly also to the wall of the esophagus. 

The full details of the origin, insertion, and relations of these 
large muscles are too complicated to admit of being fully set 
forth otherwise than by an elaborate, well-illustrated description ; 
but an understanding of the most important facts may be given by 
a brief presentation, particularly if reference be made to Spengel's 
monograph. Figures ii, PL 14, and 20, 28, 32 and 34, PI. 15, 
Imi. marking the muscles under consideration, are especially 
clear and instructive in this connection. 

The two muscle masses are bilaterally situated and are in gen- 
eral coextensive in length with the collar and peduncle together. 
Their origins are on the sides of the combined notochord and 
nuchal skeleton anteriorly, /. e,, in the peduncle ; and on the 
esophageal notochord and esophagus itself posteriorly, i, e.y in 
the collar (compare Figs. 4 and 7, /. /. c. m., PI. VII., of the 
author's paper on Harrimania maculosa^). 

From these extensive origins the fibers extend backwards and 
outwards, some to become inserted into the outer edges of the 
septum separating the thoracic and collar coeloms ; some, with a 
more oblique course, to insert into the ectoderm or the under- 
lying connective tissue, along the postero -lateral portions of the 
collar ; and still others at the anterior end of the collar, with a 
course predominantly radial, to insert into the ectoderm of the 

' Papers from the Harriman Alaska Expedition, II. Harrimania maculosa ^ a new 
genus and species, etc. Proc. Wash, Acad, of Sciences, Vol. II., Aug. 20, 1 900, 
p. III. 
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anterior rim of the collar. By the contraction of these muscles 
when the proboscis acts as a fixed point through the pressure of 
the blebs above described against the sides of the burrow, the 
collar and. of course, the whole pharyngeal -abdominal portion 
of the body, are drawn strongly forward. Following, or coind- 
dently with, this movement, contraction of the longitudinal mus- 
cles of the last-mentioned parts themselves takes place which 
contributes still further to the advancement of the creature as a 
whole. Circular somatic muscles are practically wholly wanting 
in the collar. A few fibers have been described in some species, 
but I am unable to recognize any excepting a few in the anterior 
rim, in any of the sjxicics examined by me. 

From the account here given it is seen that we have in these 
animals a system of locomotor muscles acting on an axial skeleton^ 
derived in large part from the digesti^'c tract. That the combined 
notochord, consisting of the proboscis and esophageal portions, 
and nuchal skeleton, must be interpreted as a unit of structure 
icith the office of an axial skeleton, I hope to be able to show con- 
clusively in my forthcoming monograph of the Enteropneusta 
of the Pacific Coast. I imagine, however, that the proposition 
will be readily granted by most zoologists, particularly if the 
facts here briefly set forth be considered along with others that 
may be gathered from previous publications on the anatomy and 
development of these animals. 

If now the considerations relative to the skeleton and muscles be 
regarded from the comparative standpoint, the most striking thing 
that comes to view is the trenchancy with which they separate 
the enteropneusta from all the [invertebrata. Nowhere in all the 
variety of organization represented by this subkingdom do we 
find locomotion accomplished by tnuscles attached cither to the 
tnttsttnal tract or to derivatives of it. But the trenchancy with 
which the structural relations here considered sej>arate the enter- 
opneusta from the invcrtebrata is no greater than that by which 
thcv connect them with the chordata. 

An axial skeleton derived primarily from the intestinal tract 
and serving as the attachment of muscles of locomotion is. as is 
fully recognized, one of the very es>cnccs of chordate organiza- 
tion ; and in spite of the difficulties in the way of establishing a 
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complete homology point by point between the axial skeleton 
(as I have defined it) of the enteropneust with its appended radio- 
longitudinal muscles of the collar, and the axial skeleton of 
amphioxus with its attached system of muscle plates, I can but 
believe that the two systems must have had, far back, a common 
origin. 

But the problem is too large to admit of extended discussion 
in the present communication. My immediate purpose will have 
been attained if I shall have called the attention of zoologists to 
the undoubted fact, as it seems to me, that the muscular relations 
in the collar region of the enteropneusta must receive consideration 
from a point of view that has not hitherto been held, in all future 
attempts to elucidate the kinships of this group of creatures. 

University of California, 
August 28, 1902. 



EMBRYONIC AND REGENERATIVE DEVELOPMENT 

IN PLANARIANS. 

CHARLES RUSSELL BARDEEN, 

MaRINK BlOLCKilCAL LABORATORY, WoODS HOLL, MASb. 

The term " regenerative development" may be applied to the 
formation of a new from a part of a preexisting individual 
whereby certain structures are carried over essentially unchanged 
from parent to daughter. In the following paper regenerative 
and embryonic development in Planaria maculata are compared. 

Embryonic Development. 

The classical account of the embryonic development of plan- 
arians is given in the excellent paper of lijima, published nearly 
twenty years ago.* lijima studied more especially the develop- 
ment of Dcndraochnn lactcum. The development of Planaria 
maculata seems to be essentially similar. With the early em- 
bryonic stages down to the formation of the ** embryo-pharynx " 
we arc not at present concerned. It is the transformation of the 
spherical embr>'o, filled with yolk cells, into a worm of normal 
structure and proportions that is of special interest from the 
standpoint of regenerative development. 

At the period when the imbibition of yolk cells begins to be 
active the planarian embryo is spherical in form. It is surrounded 
externally by a well-marked membrane formed of greatly dis- 
tended, flat epithelial cells, shown in section in Fig. 2. A, Be- 
tween this membrane and the yolk cells which fill the central 
cavity is a reticular substance in which are scattered large cells 
with nuclei containing one or more nucleoli. These cells arc 
representetl by the larger bodies in the body- wall shown in Fig. 
2. -•/. One of them is shown in Fig. 4, a. The nucleus is im- 
mediately surrounded by a granular mass of protoplasm. The 
reticular substance of the body wall probably represents the 

' Iijiiiia : " I liter "». ul>er die Hau u. die Entwiikluni^st^cih. d. Su<»<>wavs«r-I>endro- 
t-rlen «Tru laden..' /.ntuhh/t /. l^ls.fHSika/Vi. ^r /i\Vi\'t.; Vul. XL., 359, 18S4. 
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syncytial "ectoplasm" of these cells. Cell division at this stage 
is mainly by mitosis. In addition to the cells just described 
many small nuclei, granular masses, and vacuoles are embedded 
in the substance of the body wall. These bodies I take to be 
remnants of yolk cells. Most of the small nuclei show marked 
evidences of disorganization. Some of the large cells of the 
body wall lie flattened against the yolk cavity but I can find no 
evidence at this stage of a differentiation between entoderm and 
mesoderm cells like that described by lijima for Dendrocoelum, 
The embryo-pharynx corresponds closely in structure to that 
described by lijima. 

As the embryo becomes distended by taking in yolk cells the 
body wall becomes thinner and the character of the cells lying in 
the reticular substance is altered. The nucleus becomes more 
densely granular and division takes place mainly by amitosis 
(see Fig. 4, b\ The protoplasm of these cells varies in granula- 
tion and in staining power, but I have been able to distinguish no 
clearly defined classes of cells. Rapid cell division gives rise to 
a smaller variety of cell shown in Fig. 4, c and d. These cells 
exhibit indications of amoeboid movement, as shown in Fig. 4, d. 
In these smaller cells mitotic division prevails, though amitosis 
is also present. 

The hitherto spherical embryo now becomes flattened dorso- 
ventrally and elongated in the antero-posterior axis. This change 
in form is accompanied by a more rapid cell-multiplication in the 
ventral than in the dorsal body wall. The most rapid cell-mul- 
tiplication takes place on the postero-ventral wall just below the 
embryo-pharynx (see Fig. 2, 5). It is from this mass of cells 
that the permanent pharynx is developed. lijima says that in D, 
lacteum the permanent pharynx is developed in the region of the 
embryo-pharynx after the disappearance of the latter. The rela- 
tions between embryonic and permanent pharynxes in Planaria 
maculata were first discovered by Winterton Curtis and are de- 
scribed by him in an article shortly to appear in the Proceedings 
of the Boston Society of Natural History. 

At the period of the formation of the anlage of the permanent 
pharynx tissue-differentiation becomes active. Before considering 
this tissue-differentiation it may be best, however, first to go over 
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in brief outline the assumption by the embryo of the form char- 
acteristic of the adult. 

In Fig. I are shown four stages in the development of the 
embryo. These figures were sketched by means of a camera 
lucida from living specimens. The outline of the intestinal cav- 
ity, as it appeared by transmitted light, is shown by serrated 
lines. In D the septa extending into the intestinal cavity are 
represented more highly developed than is common at this stage. 







Fk;. I. Various sta{^cs in the dcvcU>|>mcni of the cmliryo. Mmgnification, 57 
diainctcrs. 

A. I>oi>al view of an cmhm> in which the anlagr of the (>ennanent pharynx is 
beini; ilevclopr<!. .\t the rijjht the o|>ening into the cmhryo-pharynx is ?ihown. 

a. Vemral view of an rmhryo in which the pharynx iia« henrun to asftume 
definite fomi. 

C \ eiitral view 4tf an ol ler embryi* in whiih the two |K>^terior extensions of the 
intr^tiiial i.ivity havr unitr<t Irchind thr pharyngeal }NKkt't. 

/' I »or<^)l view of an embryo at the periiMl when tlie central nervous ^yMem has 
a<k%uiiiril ilrtiniie outline^. 

This was (lone so as to expose the nervous system. The latter 
wa'i rrconstructol from sections made from the embn'o. In A 
the ojH:!iin«^ into the cnibr\o-j)harynx is shown at the ri^ht. In 
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B the permanent pharynx is shown near the posterior end of the 
piece. This individual seems to have been a small one at the 
time of metamorphosis. In C and D the development of the tail 
posterior to the pharyngeal region is shown. There is a tem- 
porary anastomosis of the posterior rami behind the pharyngeal 
pocket. This anastomosis later disappears, as shown in Fig. i, 
D. The head is meanwhile developed, as shown in the figures, 
anterior to the primitive yolk cavity. 

The relations of the head, pharyneal and tail regions to the 
primitive yolk cavity of the embryo are also represented in Fig. 
2. In B the anlage of the permanent pharynx is shown. The 
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Fig. 2. Sagittal sections in the median line of embryos of various stages of 
development. NtagniBcation, 57 diameters. 

A. Section through an embryo which is becoming Blled with yolk cells. 

B. Section through an embryo in which both the embryo-pharynx and the anlage 
of the permanent pharynx are seen. 

C. Section through an embryo in which the two posterior extensions of the intes- 
tinal cavity are uniting behind the pharyngeal pocket. 

D. Section through an embryo in which the tail region is well developed and 
the anlage of the head is well marked. Owing to the longitudinal contraction 
caused by the killing fluid the pharynx has been partly forced out from the pharyn- 
geal pocket, e.ph.^ Embryo pharynx. ///./., Pharyngeal pocket. 

base of the pharynx extends obliquely from the region of the 
embryo-pharynx to the ventral wall. In Cthe base of the phar- 
ynx still extends obliquely from the dorsal to the ventral walls. 
The embryo-pharynx has disappeared. A tail region posterior 
to the pharynx and a head region anterior to the yolk cavity are 
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distinctly developed. In D the assumption of adult condition is 
much more advanced. The base of the pharynx now extends 
nearly perpendicular from the dorsal to the ventral body wall. 
Mead and tail regions are well developed. 

The first indications of a definite nervous system appear in the 
region of the head at about the stage of development shown in 
Fig. I , C, The outlines of the nervous system are, however, at 
this period too indefinite for satisfactory illustration. There are 
apparently bilateral aniages soon united by a commissure. The 
lateral cords gradually extend from the region of the brain 
towards the tail. At the period shown in Fig. i, D, the central 
. nervous system has the form there shown somewhat diagram- 
matically. 

The median nerves and commissures and the lateral nerves 
probably arise by outgrowth from the central nervous system. 
Nothing is known of the development of the p)eripheral plexus. 

Reproductive organs are develojjcd only after the worm has 
advanced far in development. Curtis, (of*, cit,) has followed the 
development of the reproductive organs in Planaria maculata, I 
shall therefore attempt no description of the process in this place. 

HlsrO<,ENESLS IN THE EmHRYO. 

The development of the various tissues during the formation 
of the structures characteristic of the adult is difficult to follow. 
For the sake of making a comparative study of the size and 
structure of the various cells at different stages of development 
I have used a uniform method of technique. The organisms 
were first an;esthctized with chloretone * to cause relaxation and 
ti) j)revent the pre-mortem contraction which killing fluids are 
apt to stimulate. They were then fixed in a one- half saturated 
solution of corrosive sublimate to which acetic acid was added, 
carried through alcojiol solutions of incre<ising strengths up to 
alisojute alcohol, and thence into xvlol. The tissues were 
cnibcddfd in juraffine, cut into sections ^'^ tt> 673/' thick, 
and slainrti in dilute Deiafield's h.i-niatoxylin. ft»Ilowed by a 
vlulion of Congo re<l in water. A littlr Congo red was also 
a<i<icd to the alcohol used in dehydration. The figures have 
been drawn to a fixed scale by means of the camera lucida. 

' \ trrin appliril conimcn lally tu chloiuf«irni>A(ctutic. 
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The surface epithelium is the simplest of the tissues to follow, 
owing to the sharp line of demarcation existing between it and 
the underlying tissues. Up to the time of the formation of the 
anlage of the permanent pharynx the surface membrane is beset 
but sparsely with cells. Fig. 3, a, shows one of these cells in 
cross-section. During the period of assumption of adult struc- 
ture by the embryo these cells multiply rapidly by amitosis, as 
shown in Fig. 3, b. The cells increase in thickness, Fig. 3, d. 



H^m;^ 




■CS^' 








Fk;. 3. Sections illustrating various stages in the development of the surface 
epithelium. Magnification, 540 diameters. 

a. From the embryo shown in Fig. I, A, 

b. From an embryo in which the pharyngeal anlage is being formed. 

c. Dorsal epithelium, near the pharyngeal region of an embryo in which the 
nervous system is beginning to appear. 

d. Epithelium from the ventral surface of the tail region of the same embryo. 

e. Dorsal epithelial cells from an adult individual. 
/. Ventral epithelial cell from an adult individual. 

g. Epithelium covering a cut surface of an adult individual twelve hours after 
injury. 

In b and c evidences of direct nuclear division may be seen. 

Finally the membrane becomes covered externally with cells so 
crowded together that the long axis of each cell lies at right 
angles to the surface of the body. Fig. 3, c. This crowding 
first takes place near the center of the dorsal and ventral sur- 
faces, where bodily extension is least rapid, and only later at the 
growing extremities of the worm (compare c and d^ Fig. 3). The 
dorsal epithelium at no time is ciliated (Fig. 3, c\ the ventral 
epithelium acquires cilia at an early stage of development (Fig. 
3, d\ Although it is commonly stated in the text-books that 
fresh-water planarians are completely covered with cilia when 
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young, I have seen no specimens of Planaria maculata at any 
stage of development in which the dorsal epithelium was ciliated. 
For the sake of comparison a dorsal and a ventral epithelial cell 
from an adult individual arc shown in i- and / of Fig. 3. These 
seem to be slightly smaller than the embryo cells. Although 
the possibility cannot be excluded that cells are added to the 
surface epithelium from the parenchyma, I have found no evi- 
dence of this. 

The cells of the parenchyma offer a most difficult and uncer- 
tain subject for study. Cells of the type shown in Fig. 4, e, are 




Fm. 4. Seclioni illuilnling ihc ilcve1o|)menl nf the pirenchymi. Mugnilicaliuo. 
540 diamelcrt. 

a. (Inc of the celK kurrouniiiiiB ihf yolk ciyiij' of Ihe crobryo ihown in Rg. 

k. Correipondinf! cell of a slighily older embryo. 

€. I'fpe of cell preiuling in Ibc parenchyma of an embiyo immcdiBlcly before 
ibe Mage when Ihr pharyngeal anlage ippnrs. 

d. Similar cell ibii*ing evidence of amiH»ld moTemenl. 

t. Cell* illuttutinic the reduction ia tiie which (akei place diulog (he (i*lu« dif- 
fercnlialion thai occnn at ihe time when (hr phaiyngeal anlagr appear). 
/, L'loiely packed celli Ken in ihe aniage of ihe |>ermancnl pharyni. 
g. Connect ive-liMue rclli of body wall during thii «lage. 

h. tUrly rhabdite cell. 

r. ('..nneclite li-ituf tcll.< o^ adull individual. 

/. ].arge parenchymal cell in reeling ilagr. 

i. I. Ijttge iiarenchyinal cell'- undcrKoinj; diviuixi. 

*). Celli fnim arda^e of heaii thirty rift hi houn after imialiun of (he piece. 

those most commonly met with at the sta^e preceding the de- 
vcloi)nn:nt of the |>ermanent pharynx. In curtain regions, such 
as the i>h.iryn'^c.il util.igi.'. these cells may be very closely packed 
ti)gethi.T I Vv^. 4, / 1, but if we assume them t<i form a syncjtium 
we must tu1l^idl.■r it a syni.ytium in which the cell territories are 
fairly well itKirki-d I'hi.' intlividual cells may be irregular in 
shape or lll^tlllLtly lIoii^iIliI. From cells of this character 
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smaller cells with smaller nuclei arise and form a syncytium of 
branched cells (Fig. 4, g). The connective tissue of the adult is 
derived from cells of this nature (Fig. 4, /* ), fibrils in the processes 
connecting the cells becoming ever more distinct. In addition 
to these fixed connective-tissue cells there exist in the paren- 
chyma of the adult several other types of cells. Some of these, 
with dark protoplasm, large nuclei, and well-marked nucleoli 
lying in clear areas, seem to be the direct, undifferentiated de- 
scendants of the embryonic cells of the type shown in Fig. 4, e. 
These cells divide by mitosis (Fig. 4, i and /) and seem to be the 
chief factor in the regeneration of new parenchyma. Other cells 
with lighter nuclei and protoplasm the granules of which 
stain deeply in *'acid" dyes may be leucocytes, as Miss Stevens 
has aptly suggested.' Cells of this nature are seen at an early 
stage and apparently are derived from cells of the type shown in 
Fig. 4, e, Rhabdite cells begin to be differentiated even before 
the period when the epithelium assumes a columnar structure, 
but while this latter process is taking place the rhabdite cells ap 
proach the basement-membrane and rhabdites are passed out into 
the intercellular areas. In Fig. 3, c, the depression in the mem- 
brane indicates the area through which rhabdites have been 
passed. I have seen no clear indications of the passage of the 
rhabdite cells themselves through the membrane. Mucus cells 
and the gland cells belonging to the intestinal system arise at a 
comparatively late stage. I have not been able to trace their 
origin from any specific cells. 

When lining surfaces like the pharyngeal pocket the paren- 
chyma cells assume an epithelial character. These cells have 
an origin similar to that of the connective-tissue cells. 

Intestinal cells become clearly evident at the time when the 
embryo assumes an ovoid form. They are at first sparingly scat- 
tered, but at the time when septa extend into the yolk-cavity so 
as to give rise to the permanent form of the intestinal system, 
they begin to multiply by indirect division (Fig. 5, a). As in the 
case of the surface epithelium, this cell multiplication finally gives 
rise to cells extending away from the base on which they rest 

'** Notes on Regeneration in Planaria lugudris,^^ Archivf, Entwickelungsmechanik 
der Ori^anismeny XIII., p. 410, 1901. 
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(Fig. 5, b). As pointed out by lijima, however, this last process 
is slow, and it is only at a comparatively late p.riod in develop- 
ment that the intestinal epithelium assumes the structure charac- 
teristic of the adult. Whether the intestinal epithelium is differ- 
entiated at a very early period and then preserves its specificity, 
like the surface epithelium, or is added to by constant additions 
from the parenchyma, it is difficult to decide. The former 
view seems to me perhaps mor<; probable. It must be stated in 
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Fk;. 5. Sections illu>trating (he development of the intestinal epithelium. Mag- 
nification, 540 diameters. 

a. Flat cells seen in embryos at the time of the development of the permanent 
phar>'nx. 

h. Cells beginning to pn)ject towanl the lumen of the intestine in an embryo in 
which the nervous system has just become clearly visible. 

r, J. Intestinal cells undergoing direct division during regeneration in the adult. 

f. Cells Imrdenng on the intestines. In one cell a mitotic figure is visible. 

this connection, however, that the i)arenchyma cells bordering 
on the intestines show active proliferation by mitosis during em- 
hr^'onic development as well as during regeneration (see Fig. 

5. < )• 

Myoblasts become numerous at about the period of the forma- 
tion of the anlage of the permanent pharynx (Fig. 6, a). They 
are very large cells and apparently are derived from cells of the 
ty|)c shown in Fi^. 4, i\ many of which have more vesicular nu- 
clei tlian there shown. The myoblasts seem to divide by indirect 
division. I-'rom those lying next the basement membrane of the 
epithelium is derived a syncytium, a portion of which ls shown 
in I'i^. <K /'. In this the surf.tce musculature is developed. It is 
probable that a separate .syncytial sheet exists for each layer of 
musculatuie. ( )ther in\<»blasts «:ive rise to the muscle filxrrs 
which run through the parenchyma in various liircctions. 
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Blochmann/ who studied the tissues of cestodes by means of 
the methylen-blue and silver impregnation methods, describes as 
** Sommer-Landois cells " large cells lying below the surface mus- 
culature and sending out branches connected on the one hand 
with the fibers of the surface musculature and on the other hand 
extending into the peripheral nerve plexus. The muscle fibers he 




Fk;. 6. Sections illustrating the dexelopment of the musculature. MagniBcation, 
540 diameters. 

a. Myoblasts in an embryo in which the pharyngeal anlage is being formed. 

b. Developing circular musculature at a later stage. 

c. Developing parenchymal muscle cell. 

</, e, .Small nuclei lying between the muscle fibers of an adult individual. 

/. Large cell occupying a corresponding position. 

g. Developing circular musculature during regeneration. 

considers outgrowths of processes of these cells. In Planaria 
mcu'ulata large cells with vesicular nuclei, resembling in size and 
form the myoblasts of the embryo, may be seen lying below the 
surface musculature. Whether or not these represent Sommer- 
Landois cells which have migrated from the syncytial musculature 
after the formation of the latter cannot be decided by methods 
which I have employed. Monti has described cells of the Som- 
mer-Landois type in planarians.^ 

It is uncertain whether the musculature of the pharynx arises 
from the cells potentially differentiated at the time of the forma- 
tion of the pharyngeal anlage. 

Of all the tissues the nervous tissues are the most difficult to 
follow in these animals. Only by special technical methods can 
this be satisfactorily done and yet the planarian tissues seem very 
refractory to the ordinary impregnation methods. Blochmann 
(op, cit.) used these successfully on cestodes and gives an inter- 

^••Ueber freie Nervenendigungen und Sinneszellen der Bandwiirmem,'* Biolo- 
^isches Centralblatt^ XV., I4, 1 895. 

^Archives ItalUnnes de Biologicy Vol. XXVIl., p. 15, 1897. 
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esting description of the elements of the peripheral nerve plexus. 
In this many nerve cells are found. Monti * has stained by the 
Golgi method and described unipolar, bipolar and multipolar 
cells lying both in and about the brain and nerve cords and in 
the periphery next the musculature but she has not followed 
their development. Bergendal ' found in the central nervous 
system of land planarians large ganglion cells, with very large 
nuclei which stain lightly. 

I have made no extended attempt to stain the nervous system 
of planarians by special methods. In and about the nerve-cords 
and brain arc .scattered nuclei that stain very lightly and are 
much larger than the nuclei of the fixed connective-tissue cells 
(see Fig. 7, t\ and compare with Fig. 4, / ). These I have taken 
to be the nuclei of nerve cells. The cell-body is usually difficult 
to follow, but at times this may be seen sending off one or more 
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Fk;. 7. Sections illustrating the development of the nervous system. Magnificm- 
tion, 540 diameters. 

a. Large cell seen in the anterior ventral region of an embryo before the anlagc of 
the pharynx has appeared. 

A. Similar cells after the aniage has appeared. 

t Karly stage in the deve1o)>ment of nerve fibers. 

(/. Nerve cells in an adult individual. 

r Row of nerve cells seen in a regenerating nerve cord. 

/. Nuclei of nerve cells undergoing direct division during regeneration of a new 
brain. 

processes. At the stage of development in the embryo immedi- 
ately preceding the formation of the jx^rmancnt phar>'nx a few 
largo, palely staining cells may be .seen in the anterior portion of 
the ventral body wall. A cell of this kind is shown in Fig. 7, a. 
I have not f<»und these cells elsewhere in these embryos and 
think it possible that they represent neuroblasts. I have tried to 
find them in earlier stages of devel(»pment without success. They 

' •' *^ur Ic %v%lrni ncrvcux dcs I>cndrin.rlcs d'rau doUif," .//.//ir. //.//. ^rV Hi- 

i'/.\'tr. Vol. WVII., 15. IS97. 

* /*HWi\'it.Afr Amri^rf, X., iiSi24, 1JW7 
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do not seem at this period to arise from the surface epithelium. 
At the time of the formation of the anlage of the permanent 
pharynx, cells like these in a corresponding region may be seen 
multiplying by direct division (Fig. 7, b). When the brain 
anlages first become clear, owing to the formation of nerve fibers, 
similar cells may be seen lying among the fibers (Fig. 7, c). In 
the nerve cords, as they grow toward the tail region, correspond- 
ing nuclei may be seen, often in columns and often appearing to 
divide by direct division. It seems possible, therefore, that the 
nerve cells of the central nerve system of these planarians may 
arise by direct division from neuroblasts which are differentiated 
in the anterior ventral wall of the embryo at a comparatively early 
period, and that the other cells of the central nervous system may 
arise by direct division from these. 

The cells of the peripheral nerve plexus may arise, however, 
in the periphery and not from those of the central nervous 
system. In the adult many very pale nuclei may be seen 
scattered here and there below the musculature. These nuclei 
resemble those of the cells found within the central nervous 
system. 

During embryonic development, therefore, we find that the sur- 
face epithelial cells are derived by direct division from the pre- 
existing ectoderm cells. The intestinal cells certainly, and also 
probably the nerve cells, multiply by indirect division. Whether 
additions are made from parenchyma cells after the primary 
period of differentiation is uncertain. The early myoblasts multiply 
partly, at least, by indirect division. The period at which the 
differentiation of myoblasts from the parenchyma ceases is unde- 
termined. Branched, anastomosing connective-tissue cells, " leu- 
cocytes," rhabdite cells and gland cells are differentiated in the 
parenchyma but certain cells retain a size and form characteristic 
of an early stage of embryonic development. 

Regeneration in Embryos. 

When removed from the egg-capsule embryos of the stages 
represented in Fig. i, A and B, and younger ones live but a short 
time in water. Twenty-four hours is the longest I have been 
able to keep them alive. Embryos of the stage shown in Fig. 



274 CHARLES RUSSELL BARDEEN. 

I, C may, with care, be kept alive until adult form is assumed; 
but if mechanically injured they do not long survive and pieces 
removed from them will not live. If embryos of the stage shown 
in Fig. 1, A be cut in a region immediately anterior to the 
pharynx both anterior and posterior pieces may sometimes be 
kept alive. The anterior piece will develop a new pharynx, but 
the posterior piece will not develop a new head, although it may 
otherwise undergo full development, including the assumption of 
the pigmentation characteristic of the adult. It seems probable, 
although it cannot be taken as proved, that the failure of the 
posterior piece to give rise to a new head is due to the absence 
in the piece of well -formed nerve cords. If the cut be made near 
the head or in older embryos a new head may be regenerated. 

In Dendroccclum lacteum^ F. R. Lillie found that a new tail 
may be formed by outgrowth from any transverse level behind 
the region immediately back of the eyes, but a head only on a 
cut surface nfade in the anterior third of the body. These re- 
sults have been confirmed by E. Schultze ' and by me. Lillie 
ascribes the result to the cephalization of the nervous system in 
D, lacteum. It is interesting to note that at the period when the 
central nervous system is ** cephalized** in Planaria maculata 
similar conditions prevail. 

Regenerative Development. 

F^or the sake of comparing embryonic with regenerative devel- 
opment we may consider briefly the regeneration of new individ- 
uals from cross pieces taken from in front of the pharynx, from 
tail pieces and from slips removed from a region lateral to the 
median line. 

Cross Pieces. — There is a close similarity between the develop- 
ment of a new individual from a cross piece cut from in front of 
the pharynx and development in the embr)'0. In the cross piece 
the phar)'nx develops on the posterior ventral surface, with rela- 
tions to the axial gut similar to that borne by the phar)'nx to the 
yolk cavity in the embryo (see Fig. 8). The head and tail rc- 

I " N(j>tn (m Kc);cncration and Kcf^ulation in Ilanarian^," Amrriian Journal 0/ 
Phy u:.^. Vol. VI . p. I2H. l«yoi. 

'•* Au* dcm <icbirtc dcr Kc^cneration l>ei Turliellarirn," /.fWukriJt fiir teissrm' 
uhaftluht /i^iio^f. Vol LXXII., p. I, 1902. 
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gions are likewise developed in a manner resembling the em- 
bryonic. 

If the cut surface on which the new head is developed be at 
right angles to the long axis of the parent worm the new head will 
be developed symmetrically about the anterior extremity of the 
axial gut, just as it is developed symmetrically about the anterior 
extremity of the yolk-cavity in the embryo. If, however, the cut 
be made oblique, the head may arise some distance anterior and 
lateral to the region where the old axial gut projects on the cut 
surface. Morgan first described this phenomenon. 





A B 

Fig. 8. To illustrate the development of a new individual from a cross piece 48 
hours after removal. Magnification, 57 diameters. 

A, Individual as seen from the dorsal surface. The intestinal system was 
sketched from the living individual, the nervous system was reconstructed from 
sections. 

B. Sagittal section in the median line from the same individual, ph.p.^ Pharyn- 
geal pocket. 

Fig. 9 shows a good example from Dendrocoelum lacteum. 
The median ends of the lateral intestinal branches lying in the 
piece anterior to the extremity of the old axial gut and separated 
from the latter by the cut have become so anastomosed as to 
form an extension of the old axial gut. About the anterior ex- 
tremity of this the new head is being symmetrically differentiated. 
In the further growth of the piece new tissue is rapidly formed 
to the right of the axial gut and about its extremity until the 
worm is restored to normal proportions. 

Tail Pieces. — In tail pieces regeneration of the new head takes 
place symmetrically about a branch extending forward from the 
area of fusion of the two posterior rami of the original piece. In 
all of the instances which I have examined this fusion has taken 
place before differentiation of a head has really begun. The 
process of head formation resembles essentially that described as 
taking place on the anterior surface of the cross piece taken from 
in front of the pharyngeal region. The formation of the pharynx 
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is the most pu;!zling process in the regeneration of these tail 
pieces. 

The region of pharynx formation depends upon the condition 
of the piece and the region of the cut. In individuals not 
sexually mature if the cut be made posterior to the old pharynx 
the new pharynx will develop slightly anterior to the center of 
the piece (Fig. 11, B). I have followed the development of a large 
number of such specimens during a cool spell when the regen- 
erative processes were somewhat slow, and the successive stages 
in regeneration therefore well marked. The following notes in- 




original gul. aflCT (ililii|uc jccficm ; l>. I.iclrum. Mugnilicaliun. 17 diamelcn. The 
Tegenentctl inlchlinal branches arc ibowr) in black. 

Fk.. >o. To illuuralc (he (lFvcIi>|>incnl uf a bear) tymroetri rally about ibe end of 
ihe axial nul and piiMericir ■<> in anterior laicral tlip which cuniained no ncrvouii 
IJPMCID, Mapiilicitian, I7 <liafncten. 

dicate these stages. The number of hours given in each instance 
shows the length of time elapsing after isolation of the pieces : 

Kighteen hours. The cut surface is covered with epitheiium 
and there is some accumulation of parenchyma cells near it. 

Thirty-eight hours. Further accumulation of cells near the 
cut surface. 

Sixty-six hours. Anastomosis of the posterior intestinal rami 
in Ihe vicinity nf the cut surface (Fig. 1 1, .-I). Advance of nerve 
fibers into the head aniage. In si>me s|K-cimens there is a slight 
acctmiiilntiiin of cells in the vicinity <if the future pharj-nx. 

Nimiy hours. Thi- accumiit.ition of cells in the phar>'ngeal 
anlagi- is ni'-n- ntarkid. Ik-twecn the region of ana.stnmosis of 
the I'o.slcrior rami and the [iharyngeal anla[;e new intestinal 
branches .iri: Ix-ini^ f.irniiit. I'ho htad anlagi> has a<lvanced in 
devil. .pnunt 

One htindrt-il .itiil fr)urt(-en h>>urs. Onisidcrable anastomosiit 
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between the intestinal branches last mentioned. In some speci- 
mens a new axial intestine had thus been formed between the 
anlage of the head and that of the pharynx (Fig. 1 1, B). The 
pharynx is beginning to be differentiated. The head is much 
advanced in development but the chief commissure of the brain 
is not completely formed. 

One hundred and thirty-eight hours. The axial intestine and 
pharynx are well formed. The chief commissure of the brain is 
well formed and the eyes have appeared. 

Subsequently the axial intestine formed between the two 
original posterior rami becomes greatly developed at the expense 
of the latter. 

Sometimes the process is more simple than that described 
above, the anterior portion of one or the other of the posterior rami 
becoming converted directly into an axial gut ; or fusion of two 
rami may be more complete, as in the instance described in my 
previous paper.^ Miss Stevens {op, cit.) states that the accumula- 
tion of cells for the pharyngeal anlage may begin in P. lugubris be- 
fore intestinal anastomosis takes place. We must admit, therefore, 
that in instances of this kind the pharyngeal anlage is not formed 
in response to stimuli arising from a definite axial intestinal cavity, 
as seems to be the case in the embryo and in pieces cut anterior 
to the pharynx, but rather upon the relations borne by a given 
area of the worm to the intestinal system as a whole. 

In sexually mature worms cut immediately anterior to the gen- 
ital apparatus the pharynx is formed much further anterior than 
in sexually immature specimens. The reproductive organs un- 
dergo retrograde metamorphosis. Destruction of the genitals 
begins at the periphery of these organs where the intestines bor- 
der upon them and extends towards the center (see Fig. ii, C\ 
The process is a complex one which I shall not attempt to de- 
scribe in this place. The ducts and glands, including the testicles, 
also become disorganized, the last to disappear being those near 
the posterior end of the animal. As a result of the breaking 
down of these organs the neighboring tissues of the planarian 

*•* On the Physiology of Regeneration in Planaria maculata with Especial Refer- 
ence to the Phenomena of Regeneration," American Journal of Physiology^ Vol. V., 
p. I, 1901. 
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become filled with bits of disorganized tissue. Most of this 
eventually finds its way into the intestines which become thereby 
so distended that in many places the lining epithelium is as thin as 
that found during embryonic development. Stevens {pp. cit,) has 
described a similar process in P. lugubris. The pharyngeal 
anlage is formed in the median line immediately anterior to the 
degenerating sexual apparatus and posterior to the center of the 
anastomosis between the posterior rami (Fig. 1 1 , r). 

If the cut isolating the tail piece pass through the pharyngeal 
pocket the new pharynx will develop at the anterior end. of the 




Fig. II. To illu2»trate the development of new individuals from tail pieces. 
Magnification, 17 diameters. 

A. Inteiitinal anastomosis, sixty-six hours after isolation of the piece. 

B, Intestinal anastomosis ninety hours after isolation of the piece. The pharyn- 
geal anlage is indicated, /^.a#f. 

A and B are from individuals not sexually mature. 

C^ Piece from an individual sexually mature. The reproductive organs are 
undergoing degeneration. 

P. Tail piece isolatetl by a section passing through the pharyngeal pocket. 

pocket. If a portion of the tip of the old pharynx be retained in 
the chamber this tip will be utilized to form the end of the new 
pliar>'nx.* 

Lattral Slips. — In lateral slips isolated by a cut lateral to the 
region of a lateral nerve cord no specific regeneration takes place. 
Tills, at least, is the result I have obtained not only in P. macu- 
lata but also in P. iuj^tihis, Diudrocalum lactcum and Phago* 
cata jrrait/is. If a jxirt of the lateral cord be present in such a 

' I he process of rrtr«»gra«Ic metamorphosis of the rctaine<l |x>rtion of the pharynx 
which I I revumsly dcs<Til»ctl (<•/. «// , p. ^) i^ the exception, not the rule. If a por* 
tion cither of the ha»e or the tip of the phar>-n\ \k retained in the piece it will UMiAlly 
be utiliie<i in the regeneration of the new pharynx. 
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slip a new head will be regenerated, and if a fairly considerable 
amount of the intestinal apparatus be contained in the slip, a new 
pharynx will be formed. The intestinal apparatus, if it originally 
consists of isolated parts, tends to become anastomosed into a 
whole. A new head is formed about that portion of the intes- 
tinal system which projects on the cut surface in the neighbor- 
hood of the most developed portion of the nerve-cord (see Fig. 
12, A). The new pharynx is formed posterior to the region of 
least bodily compression, polarity being understood to be deter- 
mined by the nervous system. If the lateral slip be cut so that 





B A 



Fig. 12. To illustrate the development of an individual from a lateral slip. 
Magnification, 17 diameters. 

A. Piece isolated from the region lateral to the pharyngeal pocket. 

B. Two individuals developing from a lateral slip from the center of which a por« 
tion of the nerve cord was removed. 

two or more regions will be formed in which the nervous and 
intestinal apparatus of each section will be isolated from that of 
the neighboring section, double or even triple individuals may be 
formed. Fig 1 2, B, indicates a double individual of this kind. 

Having thus briefly considered the regeneration of new indi- 
viduals from these typical isolated pieces, we may now take up, 
first, the question of histogenesis during regeneration and, sec- 
ond, that of the conditions determining the formation of definite 
structures. 

Histogenesis During Regeneration. 

After removal of the piece the surface epithelium spreads out 
so as to cover the cut area with a layer of epithelium like that 
covering the embryo, but somewhat thicker than the latter (see 
Fig. 3, g). Stevens {o/>, at.) gives an excellent account of this 
process in P/anaria lugnbris. Direct cell division restores the 
epithelium to normal form. The cells regenerated on the dorsal 
surface are not ciliated. 
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The most active cells in the development of the parenchyma 
of the new part are cells which closely resemble the cells playing 
a similar part in embryonic development (Fig. 4, e, k, I) and, 
like them, they divide by indirect division. These cells probably 
represent the " Stammzcllen '* mentioned by Keller.* The many 
branched connective-tissue cells seem also to assume a spherical 
form and to multiply by indirect division. The new connective 
tissue (Fig. 4. ///) resembles the embryonic (Fig. 4, /). The new 
surface musculature may arise from the large cells shown in Fig. 
6,/, cells which resemble the embryo myoblasts. The muscula- 
ture of the parenchyma seems, however, to arise from cells of 
the type shown in Fig. 4, // and /, as do also the rhabdite cells. 

The epithelium lining the intestinal branches which extend into 
the new parts apparently multiplies by direct division (Fig. 5, c 
and (i). 

Cells bordering immediately upon the intestines multiply by 
indirect division (Fig. 5, v). I am uncertain whether these cells 
contribute to the supply of the intestinal epithelium, but am 
inclined to think that they do not. Stevens [op. cif.) thinks that 
they may. The new nervous system arises by direct exten- 
sion of fibers and apparently also of cells from the old into 
the new parts. Fig. 7, i\ represents a growing bundle of 
cells and fibers of this nature. Fig. 7,/, shows direct nuclear 
division in the vesicular nuclei of the cells which accompany the 
fibers into the new part.s. At present, however, no certain evidence 
can be offered that parenchyma cells do not also become directly 
transformed into nerve cells under the influence of the old nerve 
cords. The majority of investigators believe that the nervous 
system is differentiated from the parenchyma, though in direct 
continuity with the old nervous system.' 

The reproductive organs seem to arise from the cells of the 
type shown in Fig. 4. t\ During their development mitosis is 

^••I>ic un^;evhlcchllii he Fortpllan/unj; dcr Siivswasscr lL\M\*c\\9Lx'\tn^ Jrmtiisiht 

ZfUuhtiit f Siituf.rii'fMuhaftctM^ Vol. \XI, p. 370, l8i>4. 

•lltxncr, Jiutrn^il of Mor/AiA*i;y, Vol. XIV., p. 337, |8<>8. Stevens, «>/. ^if. 
Mofj^an, *'(ir<»wth and Kc^jrncralion in /'/.utin.t iu^uhtii^ Ar<htv fiir Entu*itk» 
r.'nH^ '-i.. fiifiU,' Vol. XIII . p. ijg, |<X)I. I.. Schuli/. ** Au% dcm (iehiclc dcr 
krj;rnrfa!»«'n l»ri I url>cllancn," ' /.:ituhritt Jur %-i ;, nu h.t/f.'tKh.' /.o*'io*if^ Vol. 
I WII.. p I. I<^»2. 
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active. E. Schultz {op, cit.) has given an excellent account of 

the regeneration of the reproductive organs in D, lacteum. 

Morgan has shown {op, cit,) that in P, lugubris pieces cut anterior 

to the old reproductive organs may regenerate them. 

An exceptionally good discussion of histogenesis in forms 

allied to the planarians may be found in the article by Keller 

{op. cit,). 

Factors Determining Development. 

Having thus considered the origin of the tissues entering into 
the new parts, we may now consider the factors concerned in the 
development of the various regions in planarians. Of these 
regions the most definite and fundamental are the head and 
pharynx. In the embryo the head is developed at one extremity 
of the yolk-cavity, the pharynx at the other. Between these two 
regions the yolk-cavity is converted by the ingrowth of septa 
into an axial gut with lateral branches. The axial gut grows 
forward into the developing head and posteriorly it sends two 
branches into the caudal region which develops behind the 
pharynx. 

In regeneration we likewise find that pharynx and head are 
developed with certain relations to the intestinal system of the 
isolated piece. Brought near to one another by muscular con- 
traction isolated intestinal branches become anastomosed into a 
unit system. By making certain cuts it is possible to have two 
or more such unit systems developed in a single piece, as shown 
in Fig. 1 2, B, Head and pharynx are developed in connection 
with such a unit system only when there is contained within the 
piece a portion of the central nervous system. This is shown in 
Fig. ID, where the unit intestinal system of the anterior lateral 
slip has neither head nor pharynx developed in connection with 
it. Furthermore, the piece containing the unit system must be 
above a minimum size. Thus in very short head pieces and 
short, narrow lateral slips no pharynx may be developed al- 
though the piece contain a portion of the original intestinal 
system and a portion of the original nervous system. 

What determines the location of the anlage of the pharynx ? 
In a previous paper {op, cit,) I showed that the pharynx arises in 
a region posterior to that portion of the intestinal system into 
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which, on general bodily contraction, the contents of the whole 
intestinal system tend to be forced. I called this portion of the 
intestinal system the area of ** least intestinal pressure" but this 
term is bad because it admits of several interpretations. The 
area into which the intestinal contents tend, on general contrac- 
tion, to be forced, and in which the new pharynx arises, is essen- 
tially the area of least bodily compression. In P, maculata the 
stimulus to pharyngeal formation is exerted in an antcro-posterior 
direction in this region. Polarity in the piece is determined by 
the central nervous system. The pharyngeal aniage first appears 
near the ventral wall of the body. 

In the embryo it seems fair to assume that the contents of the 
yolk-cavity arc forced toward the embryo-pharynx on general 
contraction. Closure of this would cause a stimulus to pharynx 
formation to be exerted on the body wall comparable to that 
exerted in regenerative development. 

In cross pieces taken from in front of the pharynx and in lat- 
eral slips the relation of pharynx to intestines is fairly clear (F'ig. 
8 and Fig. 1 1). 

In tail pieces the problem is more complicated. When no re- 
productive organs are present the pressure exerted within the 
anterior extremities of the posterior intestinal rami by contrac- 
tion of the piece tends to force the intestinal contents into the 
anterior median branches of the posterior rami, and thus to give 
rise to an intestinal area not at first occupied by a single intestinal 
cavity, or axial gut, but by several distended branches. Posterior 
to this area pharyngeal formation may be started even before the 
median branches of the posterior rami have fused to form an 
axial gut. When, however, a portion of the pharyngeal pocket 
or the sexual organs are contained in the piece the anterior 
median l)ranchcs of the posterior rami are thereby prevented 
from expanding so that the intestinal contents are forced further 
forward into the area anterior to the pharyngeal pocket or to the 
rcj)roductive organs. 

The exact nature of the stimulus giving rise to pharyngeal 
formation is still in the dark, although we can point out the area 
where it seems to be exerted. It is fairly certain, however, that 
bodily fluids are forced in considerable quantity into the area of 
the pharyngeal aniage. 
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In Phagocata gracilis F. R. Lillie^ has shown that in the 
pharyngeal anlage a considerable number of pharyngeal pouches 
are developed and that these subsequently fuse. In lateral slips 
the pharyngeal pouches on the cut side are formed only subse- 
quently to the development of an intestinal branch on that side. 
In this animal the pharyngeal area seems to be determined by 
factors similar in nature to those at play in Planaria ntaculata, 
but pharyngeal formation in this area is limited not to a single 
stimulus exerted posteriorly from the region of the axial gut, 
but, on the contrary, may be excited by stimuli arising from 
anterior median branches of the chief posterior rami of the devel- 
oping intestinal system. For a criticism of the view which I have 
expressed as to the factors determining the seat of pharyngeal 
formation the reader is referred to Lillie's article. 

The pharynx may be formed either near a cut surface or quite 
within the body of the piece. A new head is formed only in the 
tissue produced on a cut surface. This surface may be a flat 
plane. In such a case the median axis of the head will at first 
be perpendicular to the cut surface. Or the head may be pro- 
duced at the junction of two planes. Thus, if the anterior end 
of the worm be removed by a V-shaped cut, the angle of the V 
pointing posteriorly, and the two sides be allowed to unite, as a 
rule a new head will be produced, the median axis of which is 
in line with the chief axis of the worm. If they be not allowed 
to unite a head will be produced on each side with its median 
axis perpendicular to the plane of the cut. If the V point an- 
teriorly sometimes a head will be produced on each cut surface ; 
at other times a single head will arise, the median axis of which 
corresponds with the longitudinal axis of the worm. When a 
new head arises thus at the juncture of two plane surfaces the 
median axis of the head seems to bisect the angle formed by the 
junction of the two cut surfaces. Of course, the cut surfaces may 
not be planes, but may be very irregular in shape. In all such 
instances, however, similar axial relations prevail. 

The direct stimulus to head and brain formation seems to be 
due to the presence near the cut surface oi the chief coordi- 

1 "Notes on Regeneration and Regulation in Planarians, American Journal oj 
Physiology y Vol. VI., p. 1 34, 1 901." 
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nating area of the nervous system of the piece. In most cases 
of regeneration of a new head, this means the most anterior por- 
tion of the old central nervous system. Lillie has stated this 
point of view very clearly in the article referred to above. But 
while the stimulus to brain formation arises from the chief coor- 
dinating center of the piece, the head and the brain are symmet- 
rically formed about a center of nutrition which is represented 
by that portion of the intestinal system which lies immediately 
adjacent to the nerve center, and which is in most direct con- 
tinuity with the main intestinal apparatus. A symmetrical head 
is formed both when the stimulus to brain formation comes from 
one side and when it comes from both sides of this projecting 
intestinal tip. 

There is an interesting correlation between the lateral nerve 
cords and the eyes. In oblique pieces the most direct stimulus 
to brain formation comes from that nerve cord which is the more 
anteriorly situated. As a rule the eye on the side corresponding 
to this nerve cord is developed earlier, and at first larger, than that 
upon the other. This is still more marked in the regeneration 
of oblique cross pieces divided in the median line, as shown by 
Morgan {o/>. cit. 1901). So, too, in the regeneration of lateral 
slips the eye on the outer side is usually earlier developed than 
that on the median. 

That stimulus to brain formation depends upon the central 
nervous system projecting into the area of the cut and that the 
head is formed symmetrically about the tip of the axial gut, 
with the cut surface as a base, is indicated by the following 
experiment. If a longitudinal cut be made lateral to the nerve 
cord from the region of the head back nearly to the pharynx, 
and then transversely across the body, the slip thus left attached 
to the main piece will contain none of the central nervous system 
of the animal. The slip will contract jx)stcriorly and will bend 
over so as to become fused to the transverse cut surface. When 
regeneration is well under way it will be found that the new 
head is developing on the transverse cut surface, symmetrically 
about the tip of the old axial gut. as shown in Fig. 10. The 
contracted anterior .slip exhibits no specific influence on the 
regeneration of the head, although the latter is continuous with 
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it. Subsequently, normal form is usually restored by forward 
growth of the head region and absorption of the lateral slip. By 
making two such anterior lateral slips, one on each side, it is 
possible to get a head to develop posterior to a ring of tissue 
formed by the anastomosis of these slips. As the head grows 
it projects dorsally in a forward direction beyond the anastomos- 
ing lateral slips. 

The influence exerted by the intestinal apparatus upon the 
regenerating part is probably in the main a nutritive one. Owing 
to the action of the musculature upon the intestinal system that 
region of the periphery of the body which receives the richest 
nutritive supply is probably the area about the tip of the axial 
gut where the head is differentiated. Owing to its proximity to 
the axial gut the whole anterior regenerating region also receives 
a rich nutritive supply and this may account for its rapid growth 
until normal proportions are reached. 

The effect of proximity to the axial gut on regenerating tissue 
is illustrated by the following experiment. 

If a narrow longitudinal slip of tissue be removed from one 
side of the anterior half of the body and a broad slip from the 
other, regeneration of tissues will be the more rapid on that side 
from which the broad slip has been removed. This area of more 
rapid regeneration lies nearer the axial gut. 

Morgan {op, cit,, p. 200) gives a picture of an oblique cross 
piece in which the anlage of a new head has appeared before in- 
testinal anastomosis is visible between the pharyngeal area and 
the base of the head. Morgan traced the outlines of the intes- 
tinal system of the piece from the pigment particles contained 
within the intestinal cells. I have previously shown, however 
{pp. cit,, p. 22), that but little pigment is found in the newly 
formed anastomotic intestinal branches, so that in the piece men- 
tioned by Morgan an anastomotic axial gut may have existed. 
By using small, slightly pigmented, starved worms in which the 
reproductive organs are not developed the intestinal outlines may 
be fairly accurately followed during life, if the pressure of a cover- 
glass be used to flatten the specimens. Oblique illumination is 
often of aid. In the hundreds of generating pieces of planarian 
which I have examined, I have never seen an instance in which 
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differentiation of a head has taken place otherwise than about the 
tip of an intestinal branch connected with the main intestinal ap- 
paratus of the animal. This intestinal branch may be termed the 
axial gut because of its subsequent relations to the regenerated 
worm. IJIlie, in a valuable contribution to the subject of regen- 
eration in planarians {op. cit., p. 141), states that "the intestinal 
system regenerates in relation to the new external parts and not 
vice versa, as maintained by Bardeen ; from which it follows that 
the location of the new parts cannot be due primarily to the form 
of the gut." As a matter of fact it is probable that mutual rela- 
tions exist between the intestinal system of the animal and the 
regenerating parts, each exerting specific influences uf)on the 
growth of the other. 

After the head and pharyn.x have been formed, the processes 
which serve to restore the worm to normal proportions become 
very marked and, unless certain conditions prevail, such as lack 
of size or attachment to another individuality (as shown in Fig. 
12, y?), this is soon effected. Bilateral symmetry, however, may 
arise in partially detached pieces containing neither head nor 
phar>'nx. Morgan has made a special and valuable study of the 
general gross relations borne by an isolated part to the regener- 
ated individual.^ 

In small pieces isolated from sexually mature worms the re- 
productive organs at first completely disappear, as shown above 
in discussing regeneration in tail pieces. They are regenerated 
only after the worm has reached a certain advanced stage of de- 
velopment. In Planana vtaculata, furthermore, the development 
of the sexual organs seems to depend upon season. In Dendro- 
calum lacteum lijima found that after depositing the cocoons the 
individuals die, but this is not true of sjK'cimens of P. maculata 
kept in captivity. It is probable that there is great variation in 
different species of planarians in the time of development and the 
stability of the reproductive organs. Schultze, as mentioned 
above, gives an excellent account of the regeneration of the rc- 
proiiuctive organs in D. lacttum [op. ei/.). 

' I'f. .1/ , ami alvi "The Internal Intluciices thiit Uetrrmine the Kclatire Sixc of 
I»oul.le Sinitturo m /V./m./^m .'m^u. n ,* lJi«»i « kji*. \i. \U IIKIIN. Vol. III., y. IJl, 
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The destruction of the genital apparatus in isolated tail pieces 
shows that in the reorganization which takes place during regen- 
erative development highly differentiated tissues, like the mus- 
culature of the genitals, are not transformed into new parts, but 
instead undergo retrograde metamorphosis and serve probably as 
food stuff for the other tissues. On the other hand, highly or- 
ganized parts may be utilized directly in the formation of new 
organs. This is shown by the union of a tip of the pharynx re- 
tained in the pharyngeal pocket to a regenerated base. 

Summary. 

1 . The anlage of the pharynx is formed at one extremity of 
the yolk-cavity of the embryo, that of the head at the other. 

2. Up to the period of the formation of the pharynx the yolk- 
cavity is surrounded by a layer of parenchymal cells and these 
by a thin epithelial sheet. The parenchymal cells multiply by 
direct and by indirect division and become reduced in size as they 
increase in number. 

3. The ectodermal cells begin to multiply rapidly by direct di- 
vision after the pharynx has been formed, and thus give rise to 
a columnar epithelium. The dorsal cells at no time develop 
cilia, while the ventral cells produce them before becoming co- 
lumnar in form. 

4. Tissue differentiation begins in the parenchyma shortly be- 
fore the pharyngeal anlage appears. From the parenchyma are 
developed intestinal cells, muscle cells, nerve cells, rhabdite cells 
and gland cells, as well as branched connective-tissue cells and 
possibly leucocytes. Certain of the parenchyma cells seem to 
multiply without undergoing further differentiation. Intestinal, 
nerve and muscle cells multiply by direct division, while the 
parenchyma cells multiply mainly by indirect division. 

5. The central nervous system is first developed in the region 
of the head and from there the lateral cords grow posteriorly. 

6. When removed from the cocoon very young embryos soon 
die. Slightly older ones die if injured. After the pharynx has 
become functional the embryos may be cut into two or more 
parts which will live. Pieces from which the head has been 
removed will not develop a new head unless they contain well- 
developed nerve cords. 
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7. In regeneration the new ectodermal cells arise from the old 
by direct division. New nerve cells, intestinal cells and muscle 
cells seem likewise to arise from preexisting cells by direct di- 
vision. It is possible, however, that they may spring from the 
large cells of embryonic type situated in the parenchyma. From 
the latter the other tissues mainly arise. 

8. The new pharynx arises immediately posterior and ventral 
to the region into which the intestinal contents are forced by gen- 
eral muscular contraction and in response to stimuli arising from 
this region. 

9. A new head is regenerated only in tissue produced at a cut 
surface, and with definite axial relations to the surface. The 
direct stimulus to head formation arises from an exposed chief 
coordinating region of the central nervous system. The head is 
formed with radial symmetry about the tip of the main intestinal 
branch extending to the cut surface in the vicinity of Ihe exposed 
nervous system. 

10. After head and pharynx have been differentiated the activi- 
ties tending to restore the piece to a worm of normal form and 
proportions become es(>ecially marked. 

11. During regeneration highly differentiated tissues arc de- 
stroyed unless they may be directly utilized in the formation of 
new parts. 



A CASE OF ABNORMAL PLUMAGE. 

R. M. STRONG. 

The purpose of this paper is to describe a case of abnormal 
plumage. The material was obtained from a hybrid pigeon be- 
longing to Professor C. O. Whitman, which was reared at Woods 
HoU, Mass., in the summer of 1902. The male parent of the 
bird was a ring dove {Turiur risorius) and the female parent was 
a hybrid between a mate little red ring dove of China {T. humilis) 
and a common ring dove (7". risorius). 

The abnormalities under consideration occurred 
in the plumage succeeding the natal Aavin, the 
so-called Juvenal plumage of Dwight (:oo), and 
they were of three distinct types, belonging re- 
spectively to the remiges, the rectrices and the 
body coverts. 

1. The Remiges. — The remiges all had a 
transverse band of slightly paler color across the 
proximal portion of the distal half of the vane 
(see Fig. 1). The shaft, barbs and barbules 
were all more sparsely pigmented where this 
band occurred, and some of the barbules were 
represented only by stubs. This condition of the 
barbules is particularly noticeable at the proxi- 
mal ends of the barbs whose insertions on the 
shaft occur in this region, and it will be consid- 
ered in the description of abnormalities in the 

rectrices. The vane was also slightly narrower . "*' '' """^ 

° ' view of secondary 

at this point. The position and character of this ^^^^ ]jf( „ing of 

band were uniform in all of the remiges, though hybrid pigeon h«v. 
there were very slight variations in its paleness. '"8 abnormal plum- 

2. The Rectrices. — The rectrices were also 

crossed by a transverse band in a position similar to that noticed 

in the remiges, but the region is much more abnormal. The loss 

in pigmentation is greater than was the case in the remiges, and 

189 
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there is an area of almost complete absence of normally formed 
barbules (Fig. 2). The barbules of both the distal and the proxi- 
mal rows in this region were represented only by stubs of the 
proximal portions, and the stubs in the distal row were much 
shorter than those of the proximal row (Fig. 3), To the unaided 




iC the reclrices, ibc foqrtfa rintn 



eye the vane appears loose in texture at this point and, as in the 
rcmigcs, it is slightly narrower here. 

It lias been imjjossiblc to determine the histogenesis of these 
biirbuJo stubs, but it seems to the writer unlikely that they represent 
the entire structure produced in the feather germ. The occur- 
rence of barbules nf normal .ip|>carance among the stubs with no 
intermediate conditions and the irre^^ular fractured appearance of 
the distal ends of the stubs ]x>int strongly tov%'ards the conclusion 
thiit ;i distal jwrtion has been broken anay. There arc a num- 
ber of s|>ecii-s of birds wliich normally have feathers with the 
barbules broken off at curtain fairly definite points near their 
proximal ends in the distal portions of the more distal barbs as 
has been observed by Meves('55i. Chapman (</•). Dwight (:oo), 
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and others, including the writer. The barb itself may be broken 
near the distal end according to Meves and Chapman. In these 
instances, the breaking is believed to occur some weeks or 
months after the feather was fully de- 
veloped. In the case of these abnor- 
mal feathers, however, nothing is 
known as to the time when the bar- 
bules may have been broken, but the 
condition was observed only a few ; \ 

days after the feathers had emerged 
from the sheath enclosing the feather tri/pr 
germ. 

7'ihe Body Coverts. — The most strik- 
ing type of abnormality appeared in 
the body coverts, and it is very differ- 
ent from what was seen in the remiges p.,^ ^ j,^, ^.^„ ^f^^_ 
and rectrices. lionorBborbbenriiigbBibuleslubi 

A normal body covert of the juve- f^om ihe left side of the shaft in 
nal plumage from another hybrid is 'j^' J^°^ Tw^'-ft^^'L^C 
shown in Fig. 4. The downy por- bules; ML prx., proiimal b«r. 
tion, i. €., the part where the barbules bules; ^/..disid end of portion 

are long and with rudimentary bar- "^^"^^ ^^'^\^Tl ^"T^ 

" end of portion of barb figured. 

bicels is represented diagrammatically. 

The barbs or portions of barbs bearing shorter barbules with 
hooked barbicels usually, in the distal row, are indicated semi- 
diagrammatically by lines radiating from the shaft, but no attempt 
has been made to represent the true number of the barbules. 
It will be seen that by far the larger portion of the vane of 
such a feather is downy. 

An abnormal feather from a corresponding region on the back 
of the bird under consideration is represented in Fig. 5. Al- 
most the whole feather appears downy and there is a strange 
tassel-like appendage to the distal end of what may be called the 
main body of the feather. With the aid of a microscope, one 
finds that two or more of the more distal barbs are fused at their 
distal ends into a horny, unpigmented. irregularly -shaped cylinder 
(Fig. s, IT//.), which branches at its distal end into several downy 
barbs and a median shafl that itself bears barbs on either side in 
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the usual manner. The shaft of the main portion of the feather 
is not continuous, however, with the shaft of the distal ap- 
pendage. The distal ends of the barbs nearest those actually 
fused with the horn cylinder have strips of horn tissue (Fig. 5, a.), 
which seem to have been torn loose from the cylindrical mass 
with which they were probably fused in the feather germ. 

Near the points where the barbs fuse with this horn cylinder, 
the barbules are less highly differentiated. The most distal 
barbules are comparatively irregular strips of keratin which may 





Fu;. 4. 

F[(;. 4. Dorsal view of ■ normal body covert from ihe luick inuDe4>>Uel7 ■nterior 
to the upper IhiI coverts. X *■ 

Feg. 5. Dorsal view of an abooriDil body covert from a regioD corresponding to 
that fumishiog the feather shown in Figure 4. ry/., bom cylinder ; a, position of a 
fragment tom frnm horn cylinder. X ^- 

be fused at their distal ends with the cylindrical mass, as can be 
seen in Fig. 6 where two barbs and a barbule are shown fusing 
with a strip of tissue tom from the cylinder, 

Disfuxiiou and Conclusions, — It is significant that these abnor- 
malities occur at uniform distances from the distal ends of the 
feather throughout the whole plumage, and it seems reasonable 
to conclude that the conditions responsible for the abnormalities 
were constitutional, and affected the germs of all the feathers 
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simultaneously, though in three different degrees of intensity. 
The length of the period during which these conditions obtained 
is, presumably, approximately that required for the differentiation 
of a portion of the shaft equal to the band shown in Fig. i. 

Professor Whitman tells me that he once had a young com- 
mon domestic dove which developed similarly abnormal feathers. 
This bird was underfed during the period 
when the jtivcnal plumage was developing. 




I am inclined to accept Professor Whitman's \'h\/>/ y/^ 

suggestion that in both cases the abnormali- ^ mI>^/^^ 



ties are due to malnutrition. The effects upon \ \- ♦^'\Yv> '/ 

the remiges and rectrices were comparatively ^.>vv;^\ ,' 

slight, and appear simply as a weakening in # ' |}' 

pigmentation and structure, but the body Fig. 6. Dorsa 

coverts were strikingly modified. ^'c^ showing fusion 

^T^v V 1* 1 /T- /\ • • ^ V of two barbs and a 

The horn cyhnder (Fig. 5, cyl.) is just such ^^^,^ .^,^ ^ ^^^^ 

a structure as one would expect to find if the from the cylinder of 

processes of differentiation in the fundament undifferentiated comi- 

of the barbs and barbules, which have been ^"^ "■*'"*^ *!!'"'', '°"- 

nects the distal ap- 

described by Davies (^89), Strong (: 02), and pendage shown in 
others were to be arrested temporarily. The Fig. 5 with the niain 
shaft, barbs and barbules are developed in ^^ °^ ^^^ ^^*^**^''- 
apartments of a cylindrical mass of epithelium 
surrounding a central dermal papilla, and differentiation takes 
place from the proximal end distally. Epithelial cells prolifer- 
ated at the proximal end of the feather germ push the differen- 
tiating epidermal cylinder distally, and cornification takes place 
some distance from the proximal end. If the differentiation, but 
not the cornification, should be omitted, a simple cylinder of 
cornified tissue such as we see in the abnormal body coverts 
would result. The appearances at either end of the horn cylin- 
der undoubtedly represent the end of differentiation distally, and 
at the proximal end (Fig. 6) the resumption of differentiation of 
the normal feather elements. 

I wish here to express my thanks to Professor Whitman for 
the material described in this paper and for courtesies received in 

connection with the investigation. 
The Marine Biological Laboratory, 

Woods Holl, Mass., September 4, 1902. 
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MATURATION, NATURAL DEATH AND THE PRO- 
LONGATION OF THE LIFE OF UNFERTILIZED 
STARFISH EGGS (ASTERIAS FORBESII) AND 
THEIR SIGNIFICANCE FOR THE THEORY OF 
FERTILIZATION. 

JACQUES LOEB, 

HULL PHYSIOLOGICAL LABORATORY, UNIVERSITY OF CHICAGO. 

I. Introduction. 

I have pointed out in my earlier publications that fertilization 
of the egg serves to prolong the life of the egg.^ 

The mature unfertilized egg dies in a comparatively short time. 
Because of this fact the egg becomes of importance as an object 
of experiment, to study the question of natural death and pro- 
longation of life. For by no means has it been decided that there 
is a " natural " death. We only know that with an increase in 
age a critical period is reached in which every living organism dies 
under the influence of conditions which do not affect a younger 
organism. It may, therefore, be of interest that we are able to 
show, as I believe, that a critical period exists in the life of many 
eggs in which they die a *' natural " death, and that the life of the 
eggs can, during this period, be saved or lengthened only through 
various external conditions. 

The egg of the starfish (Astcrias Forbcsii) serves as a very 
favorable object of experiment in the study of this question. 
When removed from the ovary this egg is generally " immature," 
but as soon as it comes in contact with sea waiter it begins to 
" maturate." 

Morphologically, the immature state is characterized by a very 
large, plainly visible nucleus.^ The process of maturation consists 

^ Loeb, J., American Journal of Physiology, Vol. IV., 1901 ; Locb and 
Lewis, ibid.. Vol. VI., 1902. 

>The recent beautiful experiments of Delage have shown that, beside these 
visible changes in the nucleus, chemical, but morphologically invisible, changes 
also occur in the protoplasm. Delage, Etudes experimentales sur la matura- 
tion cytoplasmique et sur la parthenogenese artificielle chez les Echinodermes, 
Arch, de Zoologie experiment. ^ Vol. IX., 1901. 
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iiK^rpholopcally in this, that the nucleus becomes invisible and the 
jKilar Ixxlies are thrown out. 

This pnKess is completed within one or two hours after the 
ej^j^s are removed from the ovaries and placed in sea water. Only 
when maturation is complete is it i)ossible to cause the ej^fj? to 
develop throufT^h the addition of spenn or through the physical 
and chemical agencies that have been descrilx»d by me. Delage, 
Mathews, and (ireelev. 

II. ThK XaTIRAI. DkATH of the M ATl'RK rNFERTII.I/.KI) 

Starfish Ec^is. 

The living eggs of Astcrias are light yellow in color and homo- 
geneous. They retain this appearance during the prcKess of 
maturation as long as they are alive. They retain this apj)earance 
also when they are made to develop through the entrance of a 
s|KTmataz(M)n or through the proper chemical or physical means. 

If, however, the mature eggs are not fertilized or do not 
develop, they die in the course of four to twelve hours, and this 
process of dying is accompanied by a characteristic change in the 
color of the i:\^\^. The i:i^^ becomes at first opacpie, then almost 
black, the h(»mogeneous structure of the protoplasm iKTomes 
granular. If such a culture of unfertilized eggs is examined 
under the microscope after twenty-four hours, two kinds of eggs 
art- found. tir>t, the just described dark, dea<I eggs zMch arc 
mature, aiid secondly, liiin^i normally colored but immature eggs. 
I'or usually not all the I'ggs that are removed from the ovaries 
of a >tarhsh maturate at onct- : manv maturate verv late, others 
not at all. It is ri-adily seen that the immature ei;j^s remain alive 
for several days until they finally heeome the (*rey of haeteria: 
'.ehile the mature t'.s'.s^* heetnne opaijtte and die in four to tieeh'C 
hunts after maturation has been etnupleted. 

N thi* dialh of thr maturi- but inidevil<»i)(Ml egg brought aUmt 
thnait^b intrmal couditiMUs or thrMUgh tlir bacti-ria coiUained in 
thr sea watir? 

\ trustworthy way of di'ti*rn;iniiii»; this consists in making 
sti rilr iMiltiirr of tin* rggN in '^ea watrr. This is a nlatively ^^imple 
j.'M. lurr in tbf ras<- of starfisli. I-'ight tlasks wi-rr sterilized. 
fill'! \Mtli su ri!i/rd sra watrr, and again luatnl f<»r twentv 
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minutes on three successive davs to 100° C. A female starfish 
was thoroughly washed externally, an arm was opened, and one 
of the ovaries removed with sterilized forceps and placed in 
sterilized sea water. From the thick stream of eggs which at 
once flowed out of the ovary, a few drops were quickly introduced 
with a sterilized pipette into each of the sterilized flasks. A 
second series of eight flasks contained normal sea water, and a 
few drops of the same eggs were introduced into these flasks also. 
A third series of flasks were filled with sea water, to each of 
which were added 2 c.c. of a putrid, foul-smelling culture of old 
starfish eggs in order to bring about a rapid development of 
bacteria from the beginning. Each of these flasks also contained 
eggs from the same culture as those in the sterilized flasks. 

That perfect sterilization had been attained in the first eight 
flasks was proved by the fact that all the flasks remained abso- 
lutely clear and cloudless during the course of the experiment, 
and that three of the flasks which had not been opened are even 
to-day (after six weeks) absolutely clear, and every egg can be 
individually recognized. The flasks containing the unsterilized sea 
water became cloudy already after twenty- four hours, and after two 
days the eggs had become the prey of bacteria and no individual 
egg could be recognized. The sterilized flasks which were opened 
were at all times free from foul odor, while the unsterilized flasks 
gave oflf a penetrating stench, often after one. invariably after two 
days. The microscopic examination of the sea water for bacteria 
was always negative in the sterilized flasks, always positive in the 
other flasks. In those flasks to which 2 c.c. of the putrid culture 
of starfish eggs had been added, bacteria and infusoria were 
exceedingly numerous from the beginning. 

Six hours after the beginning of the experiment one flask of 
each of the three series was opened and the eggs examined 
microscopically. The picture was the same in all three flasks. 
Nearly all the eggs were mature, and a small number of them 
were opaque or black. But what is of the greatest importance to 
us is the fact that the percentage of opaque dead eggs was just 
as great in the sterile culture (if not greater) than in the 
unsterilized or the infected sea water. 

Twelve hours later, that is to say eighteen hours after the 
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hcpniiinp^ of the experiment . one of tlie flasks of each of the three 
cuhures was a^ain opened. At this time nearly all the epg^s of 
the sterile culture were opaque or black, and a few were already 
granular. In the two other cultures an equal i>ercentaf^e of the 
efj^^s were opaque. The eggs, therefore, die just as rapidly in the 
sterilized flasks which are absolutely free from bacteria as in the 
flasks containing bacteria. Death follows from internal causes, 
and so rapidly that the few bacteria in the sea water are scarcely 
able to accelerate the death of the eggs. The eggs have already 
died from internal causes before the bacteria can attack them in 
sufficient numbers to threaten their existence. 

The flasks which were opened later served only to corroborate 
what has been s«'iid. The ex|HTinient was repeated with the 
same result. Kach of the flasks that were opened during the first 
few <lays also contained a small number of living transparent 
^*^R'*^- ^''*' latter t^'crc, without exception, immature. The 
experiment, therefore, shows that the mature e^j^s of starfish die 
in the course of a fnc hours, and that the cause of this death 
cannot he souj^ht in the bacteria of the sea T^vter: and further, 
that under exactly the same conditions the immature ej^^ji^s remain 
alixe. 

III. TlIK C'lIKMK \I. foNDirioNS \i:( KSSARV KoR MaTIRATIoN 

IN Starfish E(K3S. 

Since the eggs of .Isterias are usually immature in the ovary, 
but, in part, at least, maturate in the course of one or two hours 
when intnHluce<l into sea water, the suspicion was aroused that 
some of the substances coiUained in the >ea water brought alxnit 
the maturation. In <»rder to determine which substance this might 
Ik*, a sfries of solutions were prepare<l having appn»ximately th'* 
oMiiotic pressure of the sea water. The result was si> simple that 
it is not necessary to (lescriln* all the exi)eriments here. I''or it 
was found that when the eggs are intrcwlucetl into solutions which 
Contain tree hydrowl ions, maturation s<H>n follows, but that this 
dors not oicur in si»lutions containing no hydn»xyl ions. So, for 
fxaniplr. thr t^jj^s retain their nucleus in a 'sfi \a('l solution, or 
m \a( I sii|nti<»ns t(» which some |M»tassium or calcium has bi*en 
added. If. however. .^ to j c.c. n lo N.*i< >1I is a<lded to each 100 
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c.c. of such solutions, maturation soon follows ; that is to say, the 
nucleus becomes invisible. Since sea water contains free hydroxy! 
ions the conclusion is justified that these are one of the causes for 
the maturation of the starfish egg. It was possible to prove this 
assumption through further experiments. If a small amount of 
acid is added to sea water, the free OH ions disappear, and the 
water becomes acid in reaction (through the addition of 1.5 c.c. 
or more w/io HCl to 100 c.c. sea water). Immature eggs 
were introduced directly into sea water to which i, 2, 3 and 
4 c.c. of an n/io HNO3 solution had been added to each 100 c.c. 
of sea water. While, as is usual, a large percentage of eggs soon 
maturated in the normal sea water, maturation did not occur at 
all in the vast majority or in all the eggs contained in the sea 
water to which 2 or more c.c. acid had been added. The addition 
of even i c.c. of acid diminishes the number of eggs that maturate. 
But it is not even necessary to keep the eggs permanently in 
neutral or acid sea water in order to inhibit maturation. If 4 or 5 
c.c. of a w/io HNO3 solution are added to 100 c.c. sea water, and 
immature eggs are introduced into such a solution for only about 
fifteen minutes, relatively few eggs maturate when they are 
returned to normal sea water. Such acidified sea water does not 
kill the starfish eggs. 

We shall see later that the procedure described here which, 
when used upon immature eggs, prevents maturation, brings about 
artificial parthenogenesis when used on mature eggs.^ 

I have, moreover, been able to convince myself of the fact that 
the eggs which are introduced into acidified sea water in an 
immature state, can be fertilized by sperm if they finally maturate. 
It is possibly in harmony with what has just been said that the 
addition of NaHCOs, or larger amounts of sodium citrate to the 
sea water accelerates the process of maturation. Free hydroxyl 
ions are present in the solutions of both substances, and it is 
possible that their addition to the sea water increases the con- 
centration of the free hydroxyl ions in the sea water. 

But the hydroxyl ions are certainly not the only substances in 
the sea water which favor or cause the maturation of the star- 
fish Qgg. I soon found that when different specimens of eggs are 

* Loeb, Fischer, and Neilson, PHuger's Archiv, 1901, Bd. 87. 
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taken from the same culture, and the percentag^e of mature eg^j^s 
is detemiined, this percentag^e is suhject to the p^rcatest variations. 
The cause of these variations was s(X)n discovered. For it was 
found that where the egf^s He top^ether in a heap maturation occurs 
slowly, but where they lie in a thin layer, maturation occurs 
quickly. This fact suggested the im[K)rtance of oxygen for 
maturation. Where the cf^f^s lie in a heap the appropriation of 
the oxygen l)y the superficial layers of eggs ])revents the diffusion 
of the oxygen to those lying dee]XT. 

Experiments were now made in which the oxygen of a small 
flask containing a small amount of sea water was replace<l by 
hydrogen. When, in such experiments, all the oxygen was 
entirelv removed maturation did not occur in anv, or at least the 
majority of the eggs, in spite of the ])resence of the hydroxyl ions 
in the sea water. There are, therefore, at least two substances in 
sea water which cause or accelerate maturation, oxygen and 
hvdroxvl ions. Possiblv other constituents of the sea water are 
also concerned in the ])r(Kess. but XaCl, Ca. and K have appar- 
cTitly no beneficial effect upon maturation.* 

It seems, therefore, that the absence of oxygen and hydroxyl 
ions in the ovaries In^longs to the conditions which inhibit matura- 
tion of the eggs in the ovary. 

IW TiiK I*koi^)N(;aiion of tiik Lifm ok thk U.vfkrtilized 
Starfi.sii K<;4i by the Prevention of Matiration. 

We have shown alK)ve that the mature eggs of a culture of 
unfertilize<l .starfish eggs die within a short time (which <lecreases 
with an increase in temjKTature), while the immature eggs 
remain alive a relatively long time. It was necessary now to 
.show that when the maturation of a culture of unfertilized! cgf^ of 
Astcriiis is prevented artificially, the ^'\:,\:,s live longer. We iK'gin 
with the exjK'riment which is technically most simple. The eggs 
.streaming from the ovary are <livided into two portions. ( )ne 
|M»rtioii of eggs is carefully distribute<l without mechanical agita- 
tion, by carefully tipping the vessel, in a thin layer over the bott«^n 

* l'rr>fc«»M>r Whttnian informs mc that the maturation *A the CKfr» of 

('/i-fjiw*' il»»rn n«it l»cKin until alter they are lai«i. !*<»i!*iMy the oxygen con- 

tAtnrii in the Hater is in thi^^ (.a<«e aUi> a ni-ce«k<»ary c«>n«iiti«iii for inatura 
tion. 
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of the vessel. The vessel must be low and the laver of sea water 
covering the eggs not too deep, so that the diffusion of oxygen 
to the eggs can occur with ease. A second portion is introduced 
with just as great care into a small-calibered glass tube sealed 
at one end. This glass tube is half filled with eggs, so that one 
is certain that the lower layers of the eggs in the pipette receive 
little or no oxygen. It is self-evident that the eggs must be intro- 
duced into the tube immediately after being laid. When, after 
twenty-four hours, the eggs which are distributed over the bottom 
of the glass dish and which receive a large amount of oxygen 
are compared with those at the bottom of the glass tube, 
a striking difference is found between them. The eggs richly 
supplied with oxygen contain a much larger percentage 
of mature dead and black eggs than those kept in the lack 
of oxygen. In the latter the living immature eggs are in 
the majority, and a part of these maturate when spread out in a 
thin layer over the bottom of a vessel. These experiments are 
also well adapted to show that the rapid death of the mature 
unfertilized sea-urchin eggs is determined through internal con- 
ditions and not bv the bacteria contained in the sea water. I will 
cite an example. 

One portion of a lot of eggs was spread out in a thin layer 
over the bottom of a dish ; another was heaped in a mass in the 
same dish. The sea water was the same in both cases. The first 
portion of eggs maturated in a few hours and were, in less than 
twelve hours, opaque and dead, while the water was still abso- 
lutely clear and without odor of putrefaction. After twenty-four 
hours the water became putrid and contained many bacteria. 
Even after three days, when the water was exceedingly foul and 
cloudy, a portion of the eggs which had lain in a heap, that is to 
say, without oxygen, wcrj^ immature and living. They were 
introduced into fresh water and spread out into a thin layer. 
They maturated and developed into swimming larvae upon the 
addition of sperm. It is self evident of course that even immature 
eggs finally become the prey of bacteria, and so go to pieces in 
the sea water. 

The same experiment can be made in a somewhat more compli- 
cated way with pure oxygen and hydrogen. The freshly laid eggs 
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of a starfish were distributed into two series of eight flasks. The 
one series of flasks was connected with a hydrogen generator : the 
other with a tank containing pure oxygen. Hefore the beginning 
of the experiment all the air in one of the series of flasks was 
driven out by the current of hydrogen. During the course of 
the ex|)eriment a vigorous current of hydrogen was maintained. 
Roth series of flasks contained freshly laid immature eggs of 
Astcnas, The ex]H*riment lasted three days, and from time to 
time a flask was removed and its contents examined. The eggs 
which had been exposed to the current of oxygen maturated just 
as rapidly and as numerously as those in ordinary sea water, and 
the mature eggs soon died. In the current of hydrogen matura- 
tion did not occur in the majority of the eggs, and these remained 
alive. In the hydrogen cultures a rapid development of bacteria 
occurred while in the oxygen cultures this occurred to a small 
degree.* 

Treatment with acids which, as we have shown above, prevents 
the maturation of the eggs (without killing them) also prevents 
their <leath and disintegration. 

Eggs which, without having l>een in contact with pure sea water, 
are intrcKluced for ten or fifteen miiuites into lOO c.c. sea water 
plus 4 c.c. ft lo HCl maturate very slowly or not at all when 
they are returned to nonnal sea water. They also retain, as long 
as they are immature, the transparent, nonnal appearance of 
living eggs until they finally become the prey of bacteria. 

// seems to folloic from these experiments that the same 
f*rocesses whieh underlie the maturation of starfish e^j^s also lead 
to their death { if they are not inhibited throui^h eircumstanees 
which 7ce desi innate by the term fertilization ). I tried to see, now. 
whether it was also |)()ssil)lc to maintain the life of the mature 
egg through lack of oxygen. 1 indeed obtained in a few cases 
po*»itivf results in this direction. The eggs of a starfish were 
s]>read in a thin layer over the IxUtom of a dish, .\fter three 
hours sevent \ -five per cent, of the eggs were maturated. .\ 
jxirtiou of the mature eggs were carefully intnnluced into the 

' Care mu*t l>r t.-ikin in thrsr cxi»rriincnt!i that the air it thoroufchly 
remove*! from the sea H.iirr in the hydroiten rta^k* !»efore the euu^ are intro- 
duced into them, ai cour«<^ the hytlro^en afiparatu^ must aUo !>e free from 
air. 
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glass tube described above, in which the deeper layers suffered 
from lack of oxygen. A second portion was introduced into a 
small flask through which a steady stream of pure oxygen was 
passed. On the following morning, that is to say, fifteen hours 
after the eggs were brought into the atmosphere of pure oxygen, 
the various portions of the eggs were examined. The eggs intro- 
duced into the current of oxygen showed in one vessel q8 per 
cent, mature and dark, dead eggs and 2 per cent, immature 
living eggs. The eggs which had remained in normal sea water 
contained, as before, about 75 per cent, mature eggs, all of which, 
however, were black and dead, with the exception of a few eggs 
which had begun to divide,^ and were living. 

The immature eggs were also still living. Upon the other hand, 
the eggs which had been left in the glass tube in absolute or 
relatively high lack of oxygen, were nearly all living! This 
observation seems to show that the same processes which lead to 
the maturation of the egg bring about its death if they are not 
inhibited at the right time. In this way the process of fertilization 
becomes a life-saving or life-prolonging act. 

V. Do THESE Facts Hold for Other Forms? 

The question of the relation between maturation and natural 
death can be studied most beautifully in the starfish egg because 
it is possible to obtain it in an immature condition, and because 
maturation follows very rapidly. With sea-urchin eggs conditions 
are much less favorable, since the egg maturates within the 
ovary, and since it is difficult to obtain immature eggs during the 
spawning season. I have, therefore, been unable to discover which 
chemical factors determine the maturation of the sea-urchin egg, 
and to decide whether the same circumstances cause the death of 
the sea-urchin egg that bring about the death of the starfish egg ; 
and whether the life of the sea-urchin egg can be prolonged 
through a prevention of these circumstances. In an indirect way 
Lewis and I attempted to answer this question last year, when we 
assumed that the destructive processes which bring about the 

* This cleavage was possibly brought about through mechanical agitation ; 
I had repeatedly shaken the dish to facilitate the introduction of oxygen into 
the sea water. 
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death of the unfertiHzed eg;^ are enzymatic (autolytic?) processes 
which can be inhibited throuf^h ]X)isons such as KCN.* 

We (H(i in fact succeed in showings that the addition of a small 
amount of KC'X to the unfertilized starfish eg^g^s markedly 
lengthens their life. Even after seven days such eggs can be 
fertilized as soon as thev are returned to normal sea water. We 

m 

also pointed out that, l)ecause of the well-known bactericidal 
properties of [)otassium cyanide, the experiments on sea-urchin 
eggs were not in themselves decisive and so beg^an experiments on 
starfish vggs^ which, however, we were not able to complete at 
that time. In dealing^ with eggs which are as lonp^ lived as sea- 
urchin eggs a great development of bacteria in nonnal sea water 
can not be prevente<l, since a few of the eggs always die and so 
serve as an excellent culture medium for the further development 
of bacteria. It need, therefore, surprise no one that the unfer- 
tilized eggs of sea-urchins, as I was able to show this year, live 
in sterile sea water for five days, or ]x)ssibly lonp^er. while they 
die nuich earlier in ordinarv sea water (alx)ut two davs). The 
very fact that the eggs of sea-urchins are found mature in the 
ovarv indicates that thev are able to live a considerable time after 

m w 

maturation and that they diflfer in this res|HKt from the starfish 

It is, however, a fact that in the same sea water the fertilized 
and developing sea-urchin eggs live lonjjer than the unfertilized 

It almost seems as if in certain of the hij^her animals there are 
eggs which develoj) only when they are fertilized immediately 
after leavinjj the ovary. I'nder the direction of Professor C (). 
Whitman, HaqnT has sliown that the eggs of pij;eons are fer- 
tilize<l the moment they leave the ovary. The sjKTm lives in a 
gelatinous mass ujxm the surface of the ovaries.^ so that provision 
is made for the necessary contact In'tween s|KTm aiul egg. This 
alN» d<K's awav with the difficultv which manv have found in 

• • • 

• I.oe!» and I-rnift. Atucrn-an Jt*urnal of l^hysiolony. Vol. VI.. n^o^. 

'!.«)«!» an<l I-rwi*. .f«»t«*rii-.iii Jimrntti of /*/iy5i«»/«»jfv. Vi»l. \'I.. i«>oj. 

' S{Hrrmatofiia arr in general nuich lonKcr livnl than ckk*". rvrn thouich 
l^rcat (ItfTrrrncr^k cxi«t in thi% rrtcard in ditlcrfnt animaU. In the !i»|icrtnatic 
vc%iclc« of the ijuccn lice 9|K.*rniato/<>a arr txlirvnl t<> remain more than a year 
after copulation*. 
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explaining how the spermatazoon finds its way to the egg in 
animals in which fertilization occurs within the body. Definite 
directive forces are clearly not necessary, since a portion of the 
spermatazoa must reach the ovary, through their ciliary motion, 
by way of the uterus and Fallopian tubes. Experiments similar 
to those made by Harper upon pigeons must yet be made upon 
mammals. Yet there seems to be no doubt that the mammalian 
egg of many species is also fertilized before it reaches the uterus. 
Cases of extra-uterine pregnancy also point to the possibility that 
fertilization may occur at the surface of the ovary. 

VI. The Prolongation of Life and the Theory of Fer- 
tilization. 

Our experiments seem to have proved that the mature unfer- 
tilized starfish egg dies within a few hours through internal 
changes but that the process of fertilization saves the life of the 
egg. This is true, not only of the fertilization of the starfish egg 
by spermatozoa, but also for the chemical fertilization through 
hydrogen ions. Mr. Neilson succeeded this year in keeping the 
parthenogenetic larvae of starfish alive much longer than has thus 
far been the case (over thirty days), and Dr. Fischer was able to 
accomplish the same for the larvae produced osmotically from 
unfertilized sea-urchin eggs. It is therefore possible that the 
chemical or osmotic fertilization of these eggs can give rise to as 
long-lived larvae as the fertilization of the egg through sperm. 

But how does the spermatozoon or the physical and chemical 
means substituted for it, save the life of the egg and why does 
the mature egg die when it is not fertilized by sperm or artificial 
means? I believe that the answer lies in this, that the fertilizing 
agencies accelerate metabolic processes in the egg which, before 
fertilization, went on only slowly. After fertilization by sperm or 
by the chemical or physical means substituted for it, the egg divides 
and grows, which it did not do before fertilization occurred. 
Growth is inconceivable without a preponderance of synthetical 
over hydrolytical processes. I believe it possible that the deter- 
mining factor in the chemical forces set in motion within the egg 
through fertilization consists in this that the synthetical processes 
in the egg are accelerated. If these processes are not inaugurated 
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or accelerated the ej^g dies. The wasting of the body in old age 
also indicates a decrease in synthetical processes. Whether the 
second critical period occurring in old age is similar to the critical 
period of the egg cannot yet be determined. Yet it is not impos- 
sible that the question of the prolongation of life at this period 
should pass over into the question of the possibility of accelerating 
synthetical processes. 

We, therefore, come to the conclusion that fertilization 
accelerates a series of chemical changes (syntheses?) in the 
egg which do not occur sufficiently rapidly without spermatic, 
chemical or osmotic fertilization in the eggs of the majority of 
animals. Hut why does the mature egg die when these processes 
are not accelerated, and why dcK*s it remain alive before it 
maturates? The egg must often exist for years in the immature 
condition in the ovary. In answer I can only suggest that the 
l>roccsses underlying maturation are at least in some form of a 
destruetive nature (one might think of autolytic proeesses) ivhieh 
the egg eannot zvithstand for an indefinite length of time ivithout 
dying. In many eggs the velocity of these destructive (autolytic?) 
processes may be greater than in others and this may determine 
the differences in the velocity with which the mature, unfertilized 
egg dies. It is in harmony with this view that when maturation 
is prevented, or the mature egg is put under condition which 
inhibit the process of maturation or the chemical processes im<ler- 
lying it, that the life of the egg is lengthened. I^ck of oxygen 
or the addition of an acid work in this way in the case of starfish 
eggs ; a slight addition of potassium cyanide in the case of starfish 
and sea-urchin eggs. But since all of these substances injure the 
eggs indirectly and do not entirely do away with the destructive 
(autolytic?) processes occurring within the egg, life is not pro- 
longed to the same extent by these means as by fertilization in 
which case life is prolonged not only through an inhibition of the 
destructive but also through an acceleration of the synthetical 
processes. 

That the cliemical ]>roccsses which underlie maturation are not 
identical with th<ise which bring alxnit fertilization seems to be 
snp]H)rted by tlie observation made alxn'e, that the same means 
- -the treatment with acid — which causes the mature egg to 
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develop and live beyond the bipinnarian stage, inhibits the 
maturation of the immature egg. When the mature unfertilized 
eggs of a starfish are introduced for fifteen to sixty minutes into 
a mixture of lOO c.c. sea water plus 3 c.c. n/io HQ ninety per 
cent of the eggs can, under favorable conditions, develop into 
larvae. If, however, the eggs are introduced into such a solution 
for the same length of time before maturation, the maturation of 
the eggs is prevented either permanently or for a long time.^ 
The difference is still more striking when the eggs are kept for a 
shorter time in a mixture of 100 c.c. seawater and 5 c.c. n/io 
HCl. This shows that acid affects the process of development 
and the process of maturation in opposite or at least different 
ways. 

We must now raise the question, How does the behavior of 
naturally parthenogenetic eggs, such as the eggs of bees har- 
monize with these ideas? 

In naturally parthenogenetic eggs it seems as if the processes 
which underlie maturation pass over into those underlying 
development. But it is possible that this is only apparently the 
case, and that in reality it so happens that in the processes under- 
lying maturation a metabolic product is formed in the partheno- 
genetic animals which favors the processes of development. We 
know that an exceedingly small amount o^ hydrogen ions suffices 
to bring about development in unfertilized starfish eggs ; that an 
exceedingly small amount of calcium causes the unfertilized eggs 
of Amphitrite to develop; and that a trace of potassium ions 
brings about the development of unfertilized Chcetopterus eggs.^ 
It is entirely possible that the specific ions or other substances 
necessary to start the development of the eggs of the bee are 
formed within the egg itself through the chemical changes taking 
place during or after maturation, and that without the forma- 
tion of these substances development is impossible. In the case 
of sea-urchins and starfish eggs one might also believe that 
the processes of maturation and the processes of development pass 
over into each other. For it has often been observed that the 

* The eggs which finally maturate in spite of the previous treatment with 
acid often begin to cleave when maturation is complete and develop into 
larvae; while the control eggs kept in normal sea water do not develop. 

2 Loeb, Fischer and Neilson, /. c. 



308 LOEB. 

unfertilized eg^g^s of these fomis after havings resicied in ** normal " 
sea water for about twenty- four hours begin to cleave shortly 
before death. This cleavage, however, never goes beyond the 
two- or four-celled stage. This might be explained by the fact 
that the eggs begin to die at this time. After I had found this 
year that the eggs of sea-urchins can still be fertilized after a resi- 
dence of five days in sterilized sea water (at summer tempera- 
ture), I decided to study this question of spontaneous cleavage 
somewhat more closelv. If it were true that individual sea-urchin 
eggs lK*gin to cleave in ordinary sea water after about twenty 
hours, and cease to <levelop any further only because they soon 
die, it would be expected that many or all should cleave when kept 
alive four or five days, and that a number of them should reach 
a fairly advanced stage of development. A lot of sea-urchin eggs 
were distributed into a series of flasks containing sterile sea water. 
( )ne of the flasks was ofK^ned every moniing and a careful search 
was made for developed eggs. 

In the course of five days 1 never found a single divided t:^% 
either in the two-celled stage or in later stages of development. 
It is |>ossible that during the last days of the ex]KTiment a few 
eggs divided, and that the cleavage cells fell a])art. Ix*wis and I 
found last year that when eggs are fertilized forty-eight or more 
hours after their removal from the ovaries thev fonii no mem- 
brane and the cleavage cells fall a])art. 1 have a>rrol)orated this 
fact this year. I'sually more than one embryo develops from 
such an \:\^\:^, because the cells drop apart. I kept this fact in 
min<l and will not disavow that a few small <*\:,^'S* were present, 
which iKTha])s represented only half the mass of an ordinarv k*^'^. 
l»ut nearly all the eggs were of normal size, an<l since small eggs 
are «K'casionally f<»un<l even under normal conditions, the ex]H*ri- 
!i:ent ^how> that in >ea-urchin egv^s alv) the pnK'esses of matura- 
tion lire not ctnuimious with th<»^e of cleavage, and that entirely 
ditliTrnt oonditioiiN which we can bring alwait thnnigh the abstrac- 
tion of watrr or the entrance of a '<]KTmatoz«M)n are neces>ary t!iat 
di\isi<ui may •K'cnr. It cannot Ik- urged that the sterilize<l water 
iK-rhaps pnvtntid :he cleavage. When at the conelusion of the 
f\|HTiiiu!it thfvr sanif egg> were fertilized in sterilized water by 
ad«!n'g .1 dn»p of >jH-rm. tliey develojM-d to the pluteus stage in 
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Sterile sea water. I, therefore, consider it possible that where 
authors describe a cleavage of the unfertilized sea-urchin eggs 
in " normal " sea water, that the sea water or the eggs had 
in reality suffered some change which had escaped the notice 
of the observers. One might think of evaporation and in- 
crease in the osmotic pressure of the sea water. A very slight 
increase in the osmotic pressure of the sea water is sufficient 
to cause the sea-urchin egg to divide into two cells in the 
course of twenty hours. One might also think of a change in the 
sea water brought about by the putrefaction of the dead eggs. 
Finally it is possible that a substance is perhaps formed (for 
example, an acid) in the dying eggs which brings about a single 
cleavage. 

The relations which exist between maturation and natural death 
upon the one hand, and fertilization and the prolongation of life 
upon the other, lead us to the conclusion that a " fertilization " 
must perhaps come to pass in every egg, even in those naturally 
parthenogenetic. Only according to our idea, the act of fertiliza- 
tion is not identical with the morphological process which is 
designated fertilization. It is rather a chemical or a physico- 
chemical act which accelerates certain (s>Tithetical?) metabolic 
changes in the egg, which occur in the egg under ordinary condi- 
tions also, only much too slowly. The difference between 
naturally parthenogenetic eggs and the eggs which must be fer- 
tilized before they can develop consists perhaps in this, that to the 
latter the catalytically working substance or complexus of condi- 
tions must be added from the outside in order to accelerate the 
synthetical (?) processes^ while in the naturally parthenogenetic 
eggs these substances are formed within the eggs (possibly in 
conjunction with the processes of maturation). 

The connection between the prolongation of life and fertiliza- 
tion clearly points out that every purely morphological theory of 
fertilization is incomplete and that a correct theory of this process 
must have a physco-chemical basis. The means of reaching this 
basis I see in further attempts at causing development of unfer- 
tilized eggs through unequivocal physical and chemical means. 
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\'II. Conclusions. 

1. Our observations and experiments seem to show that in the 
same sea water and under otherwise identical conditions, mature 
but unfertilized starfish eg^gs soon die, while immature as well as 
mature but fertilized eggs live longer. 

2. It seems certain that the rapid death of the mature unfer- 
tilized starfish eggs is determined by internal conditions connected 
with maturation and not bv the bacteria contained in the sea water. 
The proofs for this are : First, mature eggs die just as rapidly in 
sterilized sea water free from bacteria as in unsterilized water, 
and secondly, when maturation is prevented artificially the eggs 
may continue to live in water containing many bacteria. 

3. We have shown that oxygen and free hydroxyl ions acceler- 
ate the maturation of starfish eggs: that lack of oxygen and a 
neutral or faintly acid reaction of the sea water inhibit or prevent 
maturation. The fact that the eggs which remain immature in 
the ovaries of the starfish maturate when brought into sea water 
seems to find its ex[)lanation in part at least through this. 

4. When the maturation of starfish eggs is prevented artificially 
through lack of oxygen or the addition of an acid to the sea water 
they remain alive much longer than when they maturate. The 
eggs in which maturation has already begim or has just been com- 
pleteil seem also to 1k» saved from rapid death by these means. 

5. It seems to follow from these facts that the same chemical 
pnKTesses do not necessarily underlie the prcKess of maturation 
and the pniccss of fertilization. Fertilization by spermatozoa, 
chemical or physical agencies lengthens the life of the c^^, while 
the changes following the maturation of the i^^^ lead, sooner or 
later, to death (through autolysis?). It is in hannony with what 
has iK'on said that the same treatment with acid which brings alxmt 
artificial j>arthenogenesis in mature starfish eggs inhibits the 
pHHTess of maturation when used uj)on immature starfish eggs. 

7. These facts corrol)orate a suggestion which I have made 
before, that the fertilizing action of the s|)ermatozo6n consists in 
this, that it carries into the eggs substances which accelerate the 
course of certain (synthetical?) pHK'essi's in the i^gfi^. Such an 
acceleration might, for example. Ik* brought alxmt through certain 
ions (for example, the hy<lrogen ions of nucleic acid), yet the 
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possibility that such catalytic effects might also be brought about 
through enzymes or other substances is of course not shut out. 
Yet this fact must be considered : that we have been able to pro- 
duce artificially normal embryos capable of development through 
ions, while the careful experiments of Gies conducted in my 
laboratory in which he attempted to find the same to hold for 
enzvmes have thus far failed. 

In conclusion I wish to thank my assistant, Mr. Neilson, for the 
assistance which he rendered me in these experiments. 
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